UNCLASSIFIED 
AD  NUMBER 


AD012078 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

secret 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative /Operational  Use;  APR  1953. 
Other  requests  shall  be  referred  to  Corps 
of  Engineers,  Washington,  DC. 


AUTHORITY 

USACE  D/A  ltr,  15  Aug  1979;  USACE  D/A  ltr, 
15  Aug  1979 


THIS  PAGE  IS  UNCLASSIFIED 


J;-,  if . Jjt' 

" ¥ ¥ 


H §5 


SECRET 

security  information 


C0PY.NQ, 


1 glUTARY  HYtMOLOGY 

^ RESEARCH  a DEVELOPMENTS ! BRANCH 

«=c  «ai 


jy  «ft*^ 

••  MM  SX^M  Tipia 

Ita  MMM«  * »>  UN  TW»  1*. 

Ill  C,  m -1  »M.  TW  *Mfr 

*”**  m **•  it  **  nertwto  M uf 

*•  *•  km  ■ pnMKM 


SECRET 

SECURITY  INFORMATION 


Corps  of  Engineers 


I M 


Best  Available  Cop 

S3  M-WTjL 

Dept  of  pi vr 


Washington  Dtstnct 


SECRET 

SECURITY  Jf,rOFMATI^N 


S FACIAL  STUDY  3-53-1 
SAVA  RTVSR 

ARTIFICIAL  FLOODING  POTENTIALITIES 


l 


TM 

tf*  '*»  "* 

■■  $ 


*».  * 


*r  T *'  ’** 
*•#**44  t:  *** 

Nf  ’*Pf 


a 


“i  £•« ^ 

.;.  ,r«*  Vh\t 
> Yr«i  **  it*** 
-„A  n %-tr»  * WJ 

......  ;>t«r 


P^V-?  J*VTt  QY 

MILITARY  KYDHOLOGr  R4D  3A..ACH 

2;(t::'2£?j; ; g division 
xjnKam:  district,  corps  of  Ejm'ETse 
w.akilgtgn,  d.  c. 

APRIL  1953 

SECRET 

SECURITY  ■••  r**vn "N 


J 


Si:CRU 

SFCUr.iiV  if{;  Cf’.MATK)N 

3 PIC  LX  3TUDX  3-53-1 
S*-VA  Rival 

;.r<nncLX  plocchg  pot»ti..lit::e3 
T..3LE  OF  owsrrs 


SBCTIOK  I.  D.THDUtCTIDH 


1-01 

v.Bsifnpunt 

1-1 

1-02 

Purpose  and  Ser>pc 

1-1 

1-03 

Arrangamnt 

1-2 

104 

Definitions  anti  Rofuronco  Da  tin 

1-2 

105 

Reference  3 

1-3 

SKUON  n.  dr.’jn;.ob  B-sr  ch/juctbustks  ..nd 

DKVBOIPWTS 

201 

Gen oral 

n-i 

302 

Topography 

n-i 

3-03 

Oooloor 

xi-i 

>04 

Drains  go  ..rons 

II-2 

>05 

Gradients  and  Profiles 

11-2 

>06 

Channel  Depths 

n-2 

>07 

Channel  and  PI  ad-Plain  widths 

n-3 

XM 

Marl  ration 

n-3 

>09 

Regulation 

II-3 

>10 

D^rs  and  Rosoraolrs 

n-4 

>11 

Lovocs 

1 14 

>12 

Canals 

n-5 

>13 

Lakes,  Ponds,  and  Marshes 

IM 

>04 

Brides 

II-5 

9 

sac  now  mu  hydro  loom  cr  rxterutics 

% 

VOl 

Oeneral 

m-i 

voa 

m-i 

*r  w— 

3-03 

' StroJtn  Oftping  Stations 

i n-2 

3-04 

Mvur  Stagos 

in-2 

>05 

Riv«r  Dlsah-'.rgoa 

1 11-3 

3-06 

River  VoL  dtlos 

m-3 

I 


SECRET 

SECURITY  INFORMATION 


SECRET 

^CURITY  INFORMATION 

TABLE  OF  CDKTHJ.’TS  (Continued) 


IMS. 

SECTION  JV.  /..TO  FI  CM  FLOOD  POT?N  T1ALI T IES 


4-01  & an  oral  iy„i 

4-02  Stlll-Trat.r  Barriers  and  Drainage  Obstacles  IV- 1 

4-03  Mcj«r  Flaxi  Waves  IV-5 

4-04  Stream  Fl/w  Varlatiun*  IV- 12 

4-05  Artificial  Flooding  Potentialities  of  Canals  IV-13 

and  Lakes 

4- 06  Sxmary  IV-14 

SSCTICK  V.  EFFECT  OK  MHIT»Rf  OPETt .TICKS 

5- 01  General  V-l 

5-02  Characteristics  af  Military  Bridging  V-l 

5-03  Effects  of  Artificial  Flooding  During  Actual  V-l 

Crossing  Operations 

5-04  Effect  of  Still-Water  Barriers  and  Drainage  V-l 

Obstacles 

5-05  Effect  if  Major  Flo  d Waves  V-2 

5-06'  * Effect  of  Flo./  Variations  V-3 

5-07  Effects  Related  to  Other  Basins  V-4 


BBLIOORAPHT 

TABLES 

1*  Equivalent  ainll^h-Ketric  Terns 

2*  Hydrologic  Taras  and  Abbreviations 

3#  Surrrny  of  Ong.s  Data 

4*  Major  Hydro-Electric  Projects  - SAVA  Riv^r  Basin 

i\.  Bridge  Data  • ' 

6.  Inundati  >n  Effects  >f  StiU-vmtor  Barriers 

7*'  Surr-ary  of  Effects  of  Artificial  Flood  Waves  and 
Flo?'  Variations  1 

I.  Ttfsd  Bhanctorlatlfls  af  P.  3.  Arwy  nfltlhl  BrldfM 


SECKCT 

stcuwrv  wFO««nos 


SECRET 

SECURITY  INFORMATION 

ttBlft  Of  CO  MUTTS  (Con  timed) 

PLATB 

1*  Ooncral  Map 

%*■  Ptysiogrephlc  Di&grr^ 

3.  Drainage  Pattern,  JtiU/Jt  Region 

i*  Stro®D-8od  Profile,  SuTt  Hirer 

5.  StroJn-Bod  Pro  file,  UtBLJAMA  Hirer 
6;  Channel  It  Flood-Plain  Widths 

7*  Sketches  of  MOSTE  Dl M 

S.  Bridge  locations,  JE3SMICE-Z..C3REB 

9.  Stage  Variations 

10*.  Monthly  Moan  Stages,  SV.  DOH-UOBUAHA 

11.  Monthly  Mean  Stages,  BK12IC  R-0.XDC7A 

12.  Stage  Durst  ion  Curves,  5V3TI  DUH  It  VRWfllCv 

13*  Stage  Duration  Correa.  LITTUUSEWICA 

U.  Discharge  « Veloaity  Feting  Curres,  LJTBUANA-4JLT HJA 

15.  Discharge  ft  Velocity  Hating  Curves,  ZAOOWWDOJICA 

16.  Discharge  k Velocity  Rating  Curves,  STJtA  OR.IISX, -MITROVICA 

17.  Dapth,  Discharge!  ft  Velocity  Prjfile 

18.  Inundation  by  StHUarator  Barriers 

il9*  MOSTE  DAM,  Reservoir  Storago  ft  Outlet  Discharge 

30.  Discharge  f^dro graphs,  MOSTE  Wft  ,drtittoial  Floods  UJ 

31.  Discharge  Rydrsgrepha,  MDST3  DAM,  Art! Tidal  Floods  4~6 

22.  Discharge  Hydro  graphs,  UQBUARA  Barrier,  /.rtifidal  Floods  7-10 

23.  Discharge  Hydro graphs,  DGISSO  DORSE  Barrier,  Artificial 

Floods  U-U 

*•  Discharge  Hydnigrnphs,  MOSTE  DAM,  Artificial  Floods  15  ft  16 


BOBUS 

1.  Abstracts  uf  Technical  Litoraturo  on  the  SAVA  River 

2*  Abstracts  i f Technical  Lit-raUuM  on  M08TC  DAM 


m 

SECRET 

SfCURHY  INFORMATION 


SECURITY  mEdMIATJON  / - 

8PBCXAL  S1UDT  (8-53-1 
• < > • 
ARTIFICIAL  HOODING  FORNIX  AlXXm 
SAVA  RIVER  ' 

SBCTICH  I 
UfTRODUCTIOR 


1-01  AS3IGKKEKT,  ; . . .J  “ " 

This  special  jrtudy  wa*  assitfiod  to  the  Mil  ltaryHylro  logy 
f&D  Branch,  aigimerti*  Dt^iaMn*  Washington  District  by  letter  from 
Offioe,  Chief  of  Bigltioera,  -WOW,  to  the;  Divieion  fc^lneor,  North 
Atlantic  Division*  subject  dttlltary  Hydiwlo®  ^Project  Ho. 
ft- 72-12-001 » Special  Aasiement*  dated  9 1953. 

I * vf 

1-02  PURPOSE  AMD  SCOPE,  " * *■ 

...  ? , . i-  S’  - 

a*  This  report  presents  information  regarding  the  hydraulic 
nature  of  artificial  flooding  peter  tialitloa  in  the  SAVA  (SAVE)*, 

River  basin.  It  covers  that  portion  of  the  SAVA  River  upstream  f ran 
the  confluence  of  the  VHBAS  River.  Particular  erphaais  is  placed 
on  the  region  near  thq  important  oerrounication  center  of  LJUBLJANA, 

b.  The  report  oonaiata  la  rgoly  of  a compilation  and  ccn- 
snlidation  of  inforwatidnv  presented  in  various  intelligence  documents 
and  tecJwiical  publications,  with  certain  supplementary  analyses  and 
discussions.  The  notorial  forming  the  basi3  rf  this  report  ftas 
limited  to  ttat  available  in  the  Washington,  D.  C.  area.  Additional 
data  fm  other  spuroea  and  field  reponnaiaaanee  arc  needed  to 
adequately  oovor  the  subject  for  general  military  requirements, 

c.  The  report  is  deaiftied  to  furnish  basic  data  and  reacts 
of  analyses  needed  to  answer  questions  concerning* 

(1)  Normal  and  oxtramo  discharges,  stages,  and 
velocities  at  key  stations  on  the  SAVA  and  LJUBLJANA  Rivers, 


(2)  Stream  character IstipS' in eluding  gradients. 


;ra. 


>«Vtm 


(3)  Data  ooncemlng  locations  and  *ero  ol ovation* 
of  gating  stations,  ' ' ; - \ *• 


t-v  - * 


(4)  Data  ooncoming  locations  and  dimension*  of  dams 

and  bridges, 

.■if.  " - * ■ . . .|  , . ’ » t ■ ■ ...r  ■ 

(5)  The  nxtfnt  of  flooding  poaaibla  by  erection  of 
torporaxy  6mm  on  fihe  LJUBLJANA  River  and  on  the  SAVA  River  upetromn 
from  the  confluence  of  the  VISAS  River, 


• Cornwn  English  and  Xugoalavian  spoiling  is  Auatrimi  spelling 

la  SAVE 
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(6)  The  magnitude  and  duration  of  f lood  vravoo  and 
flow  variations  created  by  breaching  or  regulated  discharge  from 
the  d«a3  and  reservoirs  and  the  effect  or  military  bridging  and 
croc  sing  operations  on  the  SAVA  River, 

1-03  Am'jtGsmnt. 


This  report  is  sub-divUod  a3  follows  i 


Section  I 
Section  II 

Section  HI 
Section  IV 
Section  V 
Bibliography 
Tables 
Plates 
Exhibit  A 

Exhibit  B 


Introduction 

Drainage-Basin  Characteristics  and 

Developments 

Hydrologic  Characteristics 
Artificial  Flood  Potentialities 
Effect ’on  Military  Operations 


Abstracts  of  Technical  Literature  on 

the  SAVA  Rivor 

‘abstracts  of  Tochnical  Literature  on 
WSTE  DAM 


1-04  DEW  HIT  TOWS  WD  REFERENCE  DATUM. 

a.  Equivalent  English-Metric  Terra.  Most. values  used  in 
this  report  are  in  the  Metric  System*  Conversion  factors  for  the 
English  and  Metric  systems  are  presented  for  convenient  roforenco 
in  Tablo  1*  • 


b.  Afcfergyfr.ttm?' 

in  this  report* 


lho  following  abbreviations  arc*  U3od 


ccnti  meters 
kilometers 
square  kilometers 
liters 
motors 
rrf.  lli’r.otcr  a 
a/aoo  _ noters  nor  seoond 
rv  cubic  ractari 

cubic  motors  oor  second 


am 

ten" 

1 

m 

ntn 


rrJ/i 


soc 


c.  fodroloslc  Terms.  Special  hydrologic  abbreviations, 
in  conferjnsnco  with  standard  Caiman  and  Austrian  hydrologic  practico, 
arc  dofinod  in  Table  2. 

* 

d*  Elevation  Pater,.  Elevations  are  in  meters  above  the 
Adriatic  Son,  factor*  uber  irdria*  (m.%*A.),  the  old  Austrian  alti- 
tude datun,  ' - 

« 

o.  Rivor  Distances.  In  this  report,  distances  are  ex- 
pressed m kilometers  upotream  from  the  o»nfl«ence  if  the  SAVA  and 

BAHTOR  Rivers  at  B^ORADB.  ‘ * 
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f.  Grid  System.  Grid  references  cited  in  this  report  are 
to  the  Universal  Transverse  Mercator*  (U.T.M. ) Grid  system  unless 
dtharrrise  designated.. 

g.  Maps.  The  area  of  the  SAVA  River  basin  is  covered  by 
the  following  available  standard  American-British  military  mapst 

Sgslo  Map  Scries  Shoot  'Mvanbers  | 


1*250,000 

do 

1*100,000 

do 

1*50,000 

do 


1*25,000# 

do 


M591.0SGS  4230 
M506,  GSGS  4413 
M691,GSGS  4164 
M607,  OBGS  4396 
M791;GSGS  4229 
M702,GSGS  4734 


JUGOSLAVIA  ic 
DEUTSCHE  HEERS- 
SKARTE 


7B 

Y2,  f3,  Y13-H7 
UA,  14D,  26,  26A 
10-12,  28-30,  45-49,  65-69 
1461 I,  14BII-III,  261,  26AI-IV 

nn-m,  1211-111,  261-iv, 

.281 -IV,  29I-IV,  30in, 

452- IV,  46II-IV,  47n-m, 
4su-ni 

TOXJfW  2a-bj  BLED  la-d,  2a-dj 
LJUBLJANA  lc,  3a-d,  4o-dj 
CELJE  3o-dj  CERKHICA  la-bj 
VRHHIKA  2b 
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SECTION  II 

drainage  baser  characttiisiics  and  developments 


2-01  GENERAL. 

a.  The  SAVA  River  rises  in  th6  JULIAN  ALPS  in  the  extreme 
northwest  corner  of  Yugoslavia.  It  is  formed  by  the  confluence  of 
tho  SAVA  DOLINKA  (WURffiER  SAVE)*  arxi  SAVA  BOfGHJV.  (HOCHEINSR  SAVE)* 
Hivors  near  RADQVLJICA  ( H'.ONJfNS DO  RF ).  * The  river  fl<*73  generally 
ca  aboard  for  about  940  to  to  join  tho  DAN  IB  E River  at  BELGRADE. 

Many  largo  tributaries  flat/  from  tho  south  into  tho  SAVA  River; 
notably  tho  KUPA,  U?JA,  VRBAS,  B03SA  and  DR3NA  Rivera.  The  left 
bmk  tributaries  are  short  and  un inportent.  The  SAVA  River  is  an 
important  navigable  ^mterrray  for  593  to  upstream  to  SISAK.  Important 
highway  and  rail/ay  linos  follow  the  stream  valleys  of  the  SAVA  Rtvor 
basin  through  tho  mountainous  terrain  of  northwest  YUGOSLAVIA.  A 
mrtoer  of  hydro-cloctric  por/er  plants  are  located  on  the  headuotors 
of  the  main  river  and  its  tributaries.  A general  map  Is  presented 

as  Plate  1 and  detailed  descriptions  arc  contained  in  tho  docunonts 
listed  in  the  Bibliography  as  References  1 to  5,  inclusive. 

b.  This  report  oonsider3  primarily  tho  main  stem  of  the 
SAVA  River  upstream  from  the  confluence  of  the  VHBAS  River,  although 
certain  available  Information  on  the  lover  readies  and  on  Important 

tributaries  is  included. 

* * _ 

*•02  TOPOGRAPHY. 

Tho  source  of  the  SAVA  River  is  located  in  a manner  comnon 
in  alpine  regions,  i.o,  on  the  floor  of  a through  valley  rather 
than  on  a mountain  crest  or  divide.  The  headwaters  lio  in  glaciated 
valleys  of  the  JULIAN  ALPS  In  a region  of  almost  perpetual  snow  coyer. 
The  stream  omits  from  the  alpine  region  into  tho  large  LJUBLJANA 
basin,  and  thtnee  through  a doep,  narrear  gorge  into  a flat  rolling 
region  above  ZAGREB.  Tho  lurror  roachos  meander  across  tho  flat 
mrshy  plains  of  tho  FOB  A VINA  vail  ay  and  f.ffDELE  DANUBE  plain. 

Reference  is  rhde  to  Plate  2 for  a physiographic  diagram  and  to 
Exhibit  A and  References  4 through  10  for  detailed  topographic 
inform  ti  on. 

2-03  asBi&ar. 

Tho  upper  reaches  of  tho  SAVA  River  in  Slovenia  lio  in  a 
deep  glaciated  valley  floored  with  gravel  deposits  end  containing 
narr  rr  alluvial  river-flats.  The  part  in  tho  LJISLJANA  Bssin,  south 
of  the  t<nn  of  LJUBLJANA,  is  a level  marshy  plain.  That  basin  has 
an  extensive  drainage  system  to  relieve  tho  prevalent  soggy  ground 
conditions,  which  are  caused  in  largo  part  by  seepage  of  underground 
water  frgpi  the  so-called  .KARST  REGION,  a weathered  limestone  area 
to  the  west  of  this  basin.  (See  Plate  3 and  Exhibit  A.)  The  SWA 
River  passes  out  of  tho  calcareous  mountain  region  through  a deep 

» Yugoslavian  nhrao  (old  .Austrian  none). 


n~i 


S rn  ip-?  , y r*  i 0 AT  ION 


i**i  +** 

\ , 
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gorge  noar  LITIJA  (ten  813).  In  the  lower  reaches,  3E  of  ZAGREB 
(ten  700),  the  •ride  river-flats  ere  composed  of  loass  end  river 
alluvial  sand  deposits  covering  the  older  ooarse  gravel  terraces. 
Detailed  description  uf  the  geolory  may  be  found  in  Exhibit  A and 
in  References  5 through  7. 

2-04  DRAINAGE  ARE-3. 

• 'A 

The  total  drainage  area  of  the  SAVA  River  is  approximately 
95,000  kftr,  representing  ncerly  40  percent  of  the  entire  territory 
of  fugoalavia.  At  BELGRADE  its  drainage  area  is  about  one-third  of 
that  of  the  DANUBE  River,  through  it  carries  more  discharge  in  flood 
than  the  latter  at  their  Junction . !hc  drainage  areas  at  »rey  gaging 
stations  is  shown  in  Table  3}  a,  tabulation  of  areas  drained  by  the 
SAVA  River  and  its  major  tributaries  follctfsf 


River 

location  Drainage  Area 

LJJBLJANA 

Mouth 

1,900 

KUPA 

do 

11,449 

UNA 

do 

7i793 

vrbas 

do 

5,424 

DRDIA 

do 

19,877 

SAVA 

RADOVUICA  (ten  893) 

888 

do 

LITIJA  (ten  813)* 

4,96? 

do 

ZAGREB  (tea  TOO) 

12,500 

do 

Mouth 

95,436 

2-05  GRADIrJrTS  AKD  PROFILES 


The  gradient  af  the  SAVA  River  is  steep,  in  the  upper 
* mountainous  roaohos  and  very  gradual  in  the  lower  reaches  below 
ZAGREB,  as  may  bo  seen  on  the  stream  prof ilo  of  Plato  4.  The  alopo 
of  the  LJUBLJANA  River,  however,  is  flatter  lri  the  upper  than  in  the 
lot.tr  roaches,  being  about  0,6  per  10,000  In  tho  flat  moorland  up- 
stroort  of  LJUBLJANA  and  9 per  10,000  bolt#  that  town,  as  shown  by 
tho  Platu  5 stream  profile.  A tabulation  of  average  gradients  on  the 
SAVA  River  follows t 

— — -RW*r--te» 

' jAvoitaiwuDoviJia*.  908-893 

R.DOVUICA-ZAORffl  893-700 

ZAGRffi-SBAK  700-593 

SISAlWa-GAADE  593-  0 

2-06  ClWRfEL  DEPTHS. 

The  depth  of  the  SAVA  River  is  quite  variable  j at  moan 
tmter,  depths  generally  average  from  1 to  5 n in  the  upper  reaches 
and  from  3 to  8 a in  the  regulated  lower  roaches.  In  some  places, 
duep  spots  up  to  nearly  20  m deep  exist  in  tho  stroam  bed;  In  others, 
shoals  and  bars  abound.  Reference  IS  redo  to  additional  depth  data 
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contained  in  Rofercncoa  8,  10,  and  13  and  to  tho  depth  profile 
presented  on  Plate  1*£.  The  range  of  normal  depths  along  the  SAVA 
Rivta*  appears  in  the  following  tablet 


Tiqzch 

Rlvor  to 

Death  at  m (m) 

JA  V0U5I  S-RADOVUIC  A 

90  8-893 

0,5-2 

RADOVLJICA-ZAGREB 

893-700 

1-5 

ZAGRJB-33SAK 

700-593 

V6 

3 IS/.K-fi  Z LGTLADE 

593-  0 

6-8 

3-07  QHMlllZL  AND  ILOOD-PLAIH  WIDT», 

Above  ZAGREB  (in  TOO),  tho  stream  v.ddth  ranges  from  3 to 
nearly  300  ©,  The  fl^.d-plain  is  narrow,  being  los3  than  300  m , 
wide  except  at  a few  localities  whore  it  widens  to  as  much  as  4 In • 
Bolusr  ZAGRHB,  tho  channel  widens  to  nearly  700  m In  places*  Along 
the  flat  plains  in  the  I nver  reaches  of  the  river,  extensive  areas 
pro  subject  to  froquont  and  prolonged  inundation  as  described  in 
detail  in  Ref  or  one  os  6,  8,  10,  and  13.  There,  backwater  also  ex- 
tends up  tho  tributary  streams  for  great  distances,  A pr  ofile  of 
channel  and  flood-plain  widths  la  prosontod  as  Plato  6,  and  a tabula- 
tion of  rqprosontatlvo  widths  is  given  below* 


River 

Charnel  Width 

Flood-Plain  Width 

Roach 

lEL. 

„ , (a)  ... 

■fori 1 

JAVOftNIJC-R/JJOVLJICA 

908-893 

3-r  30 

30-  300  ] 

SIAJX)  VL  JIC  it- ZAGREB 

893-700 

50-200 

100-  4,000 

LA0RSB-33SAP 

700-593 

100-200 

1,000-10,000 

3I3A’C-BELGRADF. 

593-  0 

130-170 

500-20,000 

3-08  NAVIGATION . 

The  SAVA  River  la  navigable  from  BELGRADE  apstroam  to  the 
confluence  of  tho  KUPA  River  noar  3ISAK  (ion  593)*  Construction  has 

boon  started  on  a canalisation  project  to  permit  navigation  to  be 
extended  to  ZAGREB  (}sn  700),  Tributaries,  navigable  for  short  dls- 

■^Mard^'lOO^ton  ^rwtrlcF)  6arube  bar^s**drcwi ng  about  2 m can 
now  reach  BROO  (ten  3o7)  and  occasionally  as  far  as  3ISAK  on  tho 
SAVA  River.  The  extent  of  navigation  on  the  tributaries  is  doubt- 
ful,, but  Is  probably  United  to  craft  at  about  100  metric  tons, 
drawing  about  1 m.  Do  tailed  inforantion  Is  contained  In  lio  fear  one  os 
2,  3 or  5. 

3-09  REGULATION  • 


At  tho  present  time  there  are  no  tainran  .existing  reser- 
voirs in  the  SAVA  River  basin  providing  significant  storage  for 
fl'd-oontrol,  irrigation,  or  navigation.  The  hydro-electric 
power  reservoirs  located  within  the  area  <t.  nut  have  sufficient 
storage  opacity  to  exert  any  appreciable  regulatory  effect  upon 
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the  flew  of  the  SAVA  Hirer  and  its  tributaries.  Considerable 
variations  between  hl|h  and  low  flows  prerall,  Raiodial  measures 
hare  been  oonfinod  t>  dredging  of  tho  stream  and  to  construction  of 
loroc  systems. 


»-10  BA»6  AND  KE3E1V0IR3. 

y A T 

a.  Reservoirs.  So  large  artificial  reservoirs  exist  in 
the  SAVA  River  basin,  although  a rubber  of  possible  future  aiorago 
devolopoonts  are  reported  to  be  undar  am  sid  oration  (Soc  Exhibit  A 
or  Reference  14).  Exact  locations  of  these  proposed  projects  are 
uncertain.  Some  water  retained  in  the  •?©! je*  of  the  Jwrst  region, 
flews  underground  into  the  LJUBLJANA  Basin,  as  indicated  on  Plato  3 
and  doscribed  in  Exhibit  A and  in  References  11,  12,  and  13.  Con- 
siderable natural  storage  of  vat or  exist*  in  the  form  of  snow  rctsn- 
“ti'Tr  in  tho  mountainous  hoadwaiers . Flows  from  melting  sn»xr  continue 
woll  into  tho  late  spring.  * 


b.  Hydro-olectric  Dans.  Huncrtsis  hydro-electric  projects 
arc  located  on  the  tributaries  of  tho  SAVA  River.  Many  others  aro 
proposed  or  under  oonstructltn . Herever,  information  is  not  new 
available  as  to  the  exact  locations,  state  of  completion,  or  the 
dimensions  and  details  of  tho  dams  and  as  sc  elated  hydraulic  struc- 
tures of  roost  of  the  projects.  It  mey  be  assured  that  the  storage 
capacity  is,  in  meat  cases,  rather  smell*  since  most  hydro-electric 
plants  in  tho  rugged  tarmln  at  IU 00 31* VI A depend  on  hifji  hood 
rather  than  on  volunc  of  dl  "charge  to  generate  electric  pov/er . 

Some  additional  inf i iron tl on  on  Yugoslavian  electric  p«rar  develop- 
ment may  bo  found  in  Reference  23  (Rational  Intolligonoe  Survey  Ho.  21), 
Fragaantary  data  also  is  scattered  in  various  classified  intelligence 
documents.  Detailed  dcsbriptUm  of  tho  JfDSTE  DAM,  a hydro-olectric 
project  located  on  the  SAVA  DOLIH V.  River  about  4 ten  d^m stream  of 
JAVORNIX  (kn  908),  is  oantainod  in  Ertiiblt  B of  this  report.  That 
exhibit  consists  of  translated  excerpts  from  Reference  14.  Sketches 
illustrating  details  of  tho  &08TE  BAM  appoar  on  Plate  7.  A tabulation 
listing  the  moro  important  hydro-clo  etrle  projects,  as  compiled  from 
various  intelligence  eoeroee,  is  presented  as  Table  4. 


looks  or  dams  on 


River  or  its  tributaries. 


» — There-aro-wy  navigeticn 


d,  Mill  Dams.  Many  amll  ndll  dams  arc  located  on  tho 
streams  of  the  SAVA  River  basin  upstream  of  the  navigable  reaches. 
They  sti  ro  small  sewtevts  of  water  for  local  industrial  use, 

Tteeo  located  on  tho  LJUBLJANA  River  in  and  downstream  of  tho  town 
•it  LJUBLJANA,  and  also  other  dams  <x\  other  streams  pay  contain  small 
locks  or  other  facilities  for  the  passage  of  sow  11  local  boat  traffic. 


Ml  LEVIES, 

A nwdbor  of  short  lew  Icvoos  have  been  built  to  protoet 
l^oal  ttVawnltlee  against  the  frvquant  extensive  flooding  prevalent 
on  the  plains  and  flats  of  the  lower  reaehee  of  tho  BAVA  ttvir, 
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These  1 iflvass  have  not  boon  integrated  into  a complete  lovoo  system* 
..ccurate  up-to-date  inform  tion  concerning  the  levees  was  not 
available* 

2- 12  CANALS  • 

There  are  no  Important  navigation  canals  in  the  SAVA 
Stvor  basin.  The  LJUBLJANA  Basin  has  an  extensive  clralnago  canal 
system,  A large  complex  drainage  and  irrigation  canal  3ys tern  is 
being  built  in  the  flat  plain  region  of  the  lor* or  SAVA  River,  as 
ruied  in'  Exhibit  A. 

3- 1 3 LAKES , PONDS,  AMD  MARSHES, 

a.  Lakes.  There  are  tm>  largo  important  lakes  in  the 
headr/nter  region  of  the  SAVA  River  : (1)  the  BOHIHJSKO  JEZERQ 
(lDOHEnra  SEE)  near  tho  source  of  tha  SAVA  BOHUIJKA  (WOCHEuNER 
SAVE)  River;  and  (2)  the  BLED3K0  JEZEFD  ( VELDES E A SEE),  conmonly 
krv«wn  as  LAKE  BLED,  near  the  confluence  of  the  two  forks  of  tho 
upper  SAVA  River.  The  former  covers  3.283  lon^  is  nearly  40  m 
deep,  and  has  n 1 km  rddo  ico  shoot  along  the  east,  bank  during 
January  and  February,  LAKE  BLED  covers  only  about  1.4  ten2,  is  but 

10  m deep,  and  becomes  completely  frozen  over  during  that  same  period, 

b.  Ponds  and  Marshes.  Tho  LJUBLJANA  Basin  was  formerly 
a very  soggy  marshland,  but  en  extensive  drainage  system  has  re- 
lieved tho  svxtnpy  conditions  sufficiently  to  permit  cultivation  of 
a large  part  cf  tho  area.  Many  large  stamps  occur  along  the  lcuror 
reaches  of  the  SAVA  River.  Much  of  tho  flat  lorr lands  in  that 
region  is  subject  to  pending  during  a large  part  of  tho  year. 

Detailed  description  r*wy  be  found  in  Exhibit  A or  in  Refer enc  os 

5 to  10,  inclusive , 

2-14  BRIDGES. 

Reliable  inf  ornntion  vrith  respect  to  post-nar  bridge 
reconstruction  tres  not  available  in  this  office  at  this  time; 
hcKrovor,  a tabulation  of  aval  Li  bio  bridge  data  extracted  from 
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section  III 

HYDROLOGIC  CHARACTERISTICS 


>01  (BIERAL. 

a.  Infarenilon  regarding  river  3tage,  discharge,  flow  dura- 
tion and  velocity  are  presented  in  generalised  graphical  form  insofar 
as  practicable  to  facilitate  application  of  the  data  to  specific  mili- 
tary problems.  The  cited  references  should  be  utilised  for  supplemen- 
tary data, 

b.  Available  long-term  and  recent  hydrologic  records  for 
YUGOSLAVIA  are  scanty  and  incomplete.  For  much  of  the  data,  reliance 
had  to  be  placed  mostly  upon  old  official  publications  of  the  Austrian- 
Hungary  Rrplre,  published  prior  to  World  War  I . The  frequent  conplex 
political  and  territorial  changes  in  that  area  has  handicapped  the 
collection,  publication,  and  dissemination  of  hydrologic  data. 

3-02  CLIMATOLOGY . 

The  climate  of  the  SAVA  River  basin  is  transitional  botvrecn 
the  continental  and  coastal  climatic  typos.  In  general,  it  is  Trotter 
and  cooler  in  the  mountainous  upper  reaches  of  the  river  than  on  the 
plains  of  the  lower  roaches.  There  is  considerable  snow  In  the 
mun  tains . Koavy  rains  occur  during  the  late  OTrrmcr  and  oarly  autim, 
reaching  a maxima  in  October.  The  upper  SAVA  River  frceeos  in  ext  rone 
winters  where  the  stream  velocity  is  low;  the  lower  SAVA  River  only 
occasionally  is  closed  by  ice,  usually  never  earlier  than  4 December 
nor  later  than  25  February.  Rainfall  records  are  published  annually 
in  Reference  15;  detailed  data  on  climate  are  oontair.cd  in  References 
16  and  17.  The  seasonal  variation  in  precipitation  is  illustrated  in 
tho  following  tabulation  based  on  data  in  Reference  17i 

. Moor.  Precipitation  (Inches! 

LJUBLJANA  ZAGREB  . BELGRADE 
(j£  852)  (Kh  700)  (Kni  O) 


2.9 

i.a 

1.3 

Fob. 

2i2 

1.9 

H 

Mar. 

3.9 

2.2 

1.6 

Apr, 

3.9 

2.8 

2.4 

May 

4.3 

3.1 

2.8 

Jun 

5.7 

3.9 

ho 

Jul 

5.5 

3.2 

24 

Aue 

5.7 

3.2 

1.9 

Sep 

5.5 

3.4 

1.7 

Oct 

Li 

2.4 

NoV 

4.5 

3.1 

1.9 

Doc 

Ml- 

2.4 

J* L 

Innual 

554 

34.9 

24.4 

Yodra  Record 

- 

64 

33 
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3-03  STREAM  GAGBG  STATIONS. 

A number  of  stream  gages  have  been  established  on  the  SAVA 
River  end  its  tributaries.  Stage  records  and  other  data  for  the  more 
important  stations  my  be  found  in  References  13,  18,  19  a ad  20. 
Locations  of  gages  on  the  SAVA  and  LJlfBL  JAJI A Rivers  ’ are  shown  on  the 

General  Map,  Plate  1,  and  on  the  otreara-bed  profiles.  Plates  4 and  5. 
Pertinent  gage  data  are  3irroarl*od  in  Table  3» 

3-04  RIVER  STAGES. 


a.  Records . The  rmximrn,  moan  and  rninhmm  stages' of  record 
for  stations  are  presented  In  Table  3.  The  data  sho;jn  represent  the 
best  available  at  this  tin*,  and  were  obtained  from  various  sources 
covering  dif  forant  periods  of  record.  The  effect  of  po33iblc  river 
improvements  (especially  bel<v  ZAGREB)  cannot  be  accurately  evaluated, 

b.  Stage  Variations.  The  range  of  stage  variations  is  shown 
for  various  stations  on  Plato  9.  The  vnuaual  double  cycle  of  seasonal 
variations  for  the  upper  SAVA  River  is  illustrated  by  the  monthly  moan 
stage  graphs  ahovm  on  Plates  10  and  11.  The  spring  floods  occur  in 
March  through  May,  with  the  molting  of  tho  sner/s;  this  is  followed  by 

a period  of  very  low  stages^ during  the  early  3urtrr>cr • The  intense  rains 
of  autumn  bring  a second  period  of  high  stages,  while  a second  period 
of  low  stages  prevails  during  tho  winter  vrhest  surface  run-off  is  held 
up  in  the  form  of  snow.  Seasonal  variations  in  mean  monthly  stage 
tmount  to  between  1 and  3 m.  The  appreciable  range  between  high  and  lev 
stages  is  shown  by  the  follotring  tabulation,  abstracted  from  Plate  9* 


Range  of  Stago(ra) 


Skiiao. 

River  Km 

mw-jnr'f 

MHtf-MNW 

RADOVUICA 

893 

2.62 

2.18 

LIITJA 

813 

6.27 

2.83 

ZAGREB 

700 

4.74 

3.10 

DIBRAVGAK 

636 

10.38 

8.10 

bf£ko 

i 225 

7*92 

5.95 

c.  Stone  Luratl'Xi.  Stage  duration  curves  for  several  stations 
on  the  SAVA  and  WIBLJ. JIA  Rivers  are  shown  cw  Plates  12  and  13.  These 

■outs<aa--sbc«^thc^  tho  time  that  a given  stage  may  bo  expected 

to  be  equalled  or  exceeded.  The  nedien  stanof  Jhmm  on  Plates  * 12"an<r"33‘ 
as  equalled  or  exceeded  50  percent  of  the  time,  should  not4be  confused 
with  tho  moor,  stare  (r  presenting  on  ^rithsctical  average)  as  shown  in 
Table  3 and  on  Plates  10  and  11.  Comparison  of  rcan  and  median  stages 
follows  I 


Station 

River  Km 

Moan  Stage  (cm) 
(bff) 

Table  3.  Platos  1QA11 

Median  Stage  (cm) 
(50%  of  time) 
(Pistes  1303) 

37ETI  DUH 

918 

42 

34 

VR.WIKA 

874 

, -35 

-75 

LITIJA 

813 

68 

60 

UOJHJE 

798 

106 

50 

smtck 

763 

81 

67 
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a.  Records.  Available  published  records  of  river  discharges 
for  the  SAVA  River  and  Its  tributaries  are, practically  non  exist  ont. 

* References  13,  IS*  and  21  contain  a fear  records  of  discharge  measure** 
meets,  mean  flmrs,  or  stage-discharge  relations.  The  discharge  data 
stmarizad  in  Table  3 and  shown  on  the  discharge  profile  of  Plato  17 
represent  estir-etca  based  on  the  meager  information  -contained. in  those 
references. 

b. *  3 taxo-Dla charge  Relation.  Average  stage-discharge 
relation  curves  for  key  stations  on  the  SAVA  and  LJUBLJANA  Rives‘8  are 
presented  on  Plates  14,  15,’  ard  16,  These  curves  were  ostimted  from 
the  scanty  discharge  measuropento  and  equivalent  stage-disptargo.  data 
contained  in  References  13,  18,  and  21, 

o.  .Discharge  Variations..  Stream  discharge  is  very  variable. 
It  follows  the  same  double  boosonal  cycle  as  the  stage  (sec  paragraph 
3-04)  • Estimates  of  moan  and  ext  ram  discharges  are  shown,  on  Table  3 
and  on  the  discharge  profile  of  Plate  17.  Due  to  the  varying  period 
of  r coord,  mean  discharge  Is  presented  fis  an  estimtod  range  covering 
those  poriods.  The  wide  range  in  discharge  on  the  SAVA  River  may  be 
seen  in  the  following  tabulation,  as  taken  frum  TA3LS  5: 


Station 

River  Kh 

Discharge  (mV1 soc) 
Maxtewnfelfi)  MoanflE) 

MlnfcunfNNQ) 

oto6s 

885 

450 

Ur-  72 

13 

UTIJA 

813 

1340 

152-250 

41 

ZAGREB 

brCko 

700 

1880 

230-330 

* 67 

225 

3540 

875-1060 

186 

BELGRADE 

0 

4400 

1200-1500 

260 

3-06  RIVER  VELOCITIES. 


a.  General.  The  velocity  of  stream  flow  varies  according 
to  the  conformation  of  the  river  bod,  depths,  obstructions,  restric- 
tions, local  variation  of  slope,  etc.  Channel  improvements  and  cut- 
offs, training  walla  and  levees,  operation  of  dams  and  other  modifi- 
cations of  natural,  conditions  appreciably  affect  the  strewn  velocity, 
... — jnf'lttmb--rtve!M~ljv.f  tha.. min... river.  rm.tf.ra  Mt 

the  point  confluence.  Accordingly,  corrolaticns  between  river 
stages  and  mirfac©  velocities  at  gaging  stations  cannot  be  inter- 
preted as  applicable  to  all  points  along  the  adjacent  river  sections, 
but  only  serve  as  general  indications. 


b.  Surface  Velocities.  Insufficient  basic  inf  arm  tl  on  con- 
cerning the  strom  hydraulic  fwsetions  (cross-sectl-nal  area,  wetted 
perimeter,  water  surfaoc  slope,  roughness  factor,  etc.),  was  available 
to  permit  accurate  determination  of  stream  velocities . Estimates 
wore  based  on  velocities  observed  during  discharge  measurements  at 
gaging  stations  as  recorded  in  References  13  and  18,  and  on  average 
velocities  given  in  References  8 and  10.  The  observed  velocities  wore 
ns  sowed  to  bo  moan  cross-sectional  velocities,  which  were  increased 
by  18  percent  to  indicate  the  mean  surface  velocities • As  .Indicated 
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In  the  velocity  studies  In  Reference  22,  the  moan.  cross-sectional  velo- 
cities should  be  Increased  by  25  to' 75  percent  to  obtain  the  maximum 
surface  velocities  likely  to  be  encounter od  during  crossing  operations  • 
Mean  swfaco  velocity  ratings  at  the  gaging  stations  are:  presented  on 
Plates  14,  15,  «hd  16.  Telocity  profiles  at  NT  and  WW  appear  on 
Plata  17.  Mean  surface  velocities  at  selected  stations  are  tabulated 
bolont  • „ 


Station 

-uvoani 

UTIJA 

ZAGREB 

RDOVICA 

BFfcKD 

8ELQRABE 


' Mean  Surface  Velocities  fa/sccT 


River  Km 

.... , m v-  . 

m. 

900 

1.2' 

2,7 

813 

2,0. 

2.9 

TOO 

1.2 

2.7 

663 

0.9  ..  . ' 

1.3 

22? 

0.7  - 

1.2 

0 

0.5 

1.6 

«*  •*  ! 


0.  flood  Wave  Travel  Time . Examination  of  flood  crest  timoe 
as  recorded  in  the  old  official  Austrian  Kyi rv.- logic  Yearbooks  (Reference 
18)  provided  the  follcvdnp  estimitc  for  the  rate  of  travol  of  ns  tiara  1 

flood  waves  on  the  SAVA  River j 


1 1,  ' ' 

Roach 

River  m 

Average  travel 
rate  of  peak 
(tan/hr.) 

JATD  RJTIK-GLOBOfCD 

908-888 

13 

GLOEOKQ-KKAKJ 

888-871 

11 

1CRAK  J-3V . JAKOB 

871-842 

10 

SV,  JAKCB-5EVKICA 
SEVKICA-SATEZ 

842-763 

8 

763-732 

7.5 
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3K7ION  IV 

ARTIFICIAL  FIOOOWG  FOTWTLAUTIBS 

* 

4-01  ®fERAL. 

a.  The  term  *Mrtifici*l  floou  ' as  used  in  this  report  applies 
to  any  major  increase  in  the  extent  of  flooding,  oarer  that  normally  pre- 
vailing with  existing  devoloprants,  that  is  brou^it  about  by  manipula- 
tion of  oontrol  structures,  breeching  of  dams  or  levees,  or  temporary 
diming  operations  designed  to  create  flooding  Conditions.  Applications 
of  artificial  flooding  oonsldered  in  this  report  fall  into  the  following 
four  general  oat©  goriest 

(1)  Still-water  barriers,  created  by  flooding  land  to 

form  water  obstacles,  using  such  means  as  b reaching  leveos,  diverting 
flow  from  oanals,  raising  crests  of  existing  dams  or  oon struoting 
tmpawry  dams,  • r 

(2)  Dralra  go  obstacles  or  mud-flats,  in  which  the  wet- 
ness of  thj  soil  is  increased  to  form  muddy  or  marshy  conditions  that 
would  impede  military  traffic,  brought  about  by  disrupting  the  nostra  1 
drainage,  destroying  pumping  and  drainage  facilities  used  to  drain 
marshy  or  low  Mod,  or  by  inducing  shallow  inundation  of  flood-plains 
or  reclaimed  land*  Mud-flats  may  also  be  farmed  by  draining  areas  nor- 
mally inundated  by  reservoirs  or  ponds. 

(3)  3trosm  flow  variations,  in  which  changes  in  dis- 
charges, depths,  velocities  ssi  widths  of  streams  are  bwought  about  to 
hinder  strean-croesing  operations  or  navigation  such  as  might  be  accom- 
plished by  oponing  and  closing  outlet  works  of  water  control  structures, 

• 

(4)  Major  flood  wav  os.  created  by  Bidden  breaching  of  a 

dam  V'  release  large  quantities  erf  lrpoundcd  water. 

b,  Certain  opportunities  exist  for  effective  use  of  these 
artificial  floods  in  the  SAVA  River  basin.  This  section  presents  a 
review  of  the  potentialities  and  a quantitative  ©valuation  of  the 
hydraulic  affects.  Reference  should  be  mr.de  to  Section  V for  discussion 
of-  aw— Ut  Kl,.silitarv_f actor?  . 


o.  Brief,  gono  rallied  estimates  of  artificial  flooding  possi- 
bilities by  Austrian,  German,  and  Hungarian  military  staffs  arc  Included 
In  the  doounents  listed  in  the  Bibliography  as  References  8,  9,  and  10, 

4-02  STTL4-VATSR  BARRIERS  AND  DRAINAGE  OBSTACLES. 

a.  General.  The  studios  reviewed  in  this  paragraph  pertain 
to  artificial  flooding  produced  by  creation  of  still-water  barriers  and 
drainage  obstacles  along  the -SAVA  River  above  the  Junction  of  the  VRBAS 
River*  The  s tulios  wore  largely  taasod  on  a map  stwfcr  using  1»25,000 
Yugoslav  maps  and  It 90,000  Anrriom  maps.  Exact  determination  of  eleva- 
tions, ar nt ours,  and  boundaries  from  those  maps  was  difficult;  however, 
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the  results  of  this  stu<$r  aro  bolicvod  to  offer  good  indications  of 
the  relative  possibilities  & soch  flooding,  first-hand  information 
should  be  obtained  by  local  reconnaissance  regarding  ground  elevations 
and  the  locations,  elevations  ad  dimensions  of  levees*  readfllls  and 
culverts  in  the  vicinity  of  specific  barriers  in  order  to  accurately 
establish  the  area  subject  to  artificial  flowing. 


•’  . " ' ' ' ' t • . * r . - •*  ' • 

(1)  The  §ff oot  of  artlflelnl  flooding  is  largoly  con-  * 
tlngont  upon  the  natural  hydrologic  conditions  prevailing  at  the  tins 
of  the  operation.  Tho  valuao  af  water  stored  and  available  within  tho 
basin,  the  rote  of  stream  flow  and  the  river  stage  arc  important  factors 
Reft  ranee  is  made  to  S action  ni  of  this  report  for  detailed  description 

- f ^ r , . i | ■}'■  f ••  i * , ■ . ^ 

(2)  Attention  is  directed  to  the  wide  range  between  high 
and  low  flows  shown  in  ftbln  3 and  on  Plate  17,  end  to  the  seasonal  * 
variation  in  discharge  Illustrated  by  Plates  10  and  11,  and  disoussed 

in  paragraph  3-05.  It  should  also  be  noted  that  official  published  moan 
discharges  aro  unavailable  and  that  ostinnted  probable  ranges  are  given 
in  fable  3.  Based  on  those  ranges,  the  following  mean  discharges  were 
selooVd  for  ueo  in  this  study  i ?• 


UUgMflA..KVg 

At  LJUBLJANA  . 50 


At  LJUBLJANA  . 50 


Ml*  ; 

<4  . . *.  JAfDWIIt-LJUBLJAHA  R.  100 

- * KUPA  R-UHA  R.  200 

- UR  A R-VRBA3  R.  600 


o.  ft MBftjaC  flctaUng  >ar.2MxteEg  sA 

Obstacles. 

(1)  The  water  obstacle  afforded  by  the  existing  stroans 

of  the  SAVA  River  basin  oould  bo  increased  by  'utilisation  of  me  or  more 
of  the  following  meanst  ■ *. 

* (a)  Creation  of  sttll-wa&er  barriers  by  oanatruo* 
tiono  f " tbiffpdrti'y  ~3 !Wfl ~ at  brldgo'sibee,  oembined-aith  -algal  ng..jof..oulr» 
verts  and  other  openings  in  lovees  ad  road  fi  11a . 

} V-  > ; > f‘  , , * ' 

(b)  Inundation  nf  lowlands  along  the  streams  by 
breaching  dikes  and  levees  and  opening  of  flood  gates  in  levees, 

5 ' ' w 

(c)  Inundation  of  lowlands  by  closing  normal 

drainage  outlets*  ' * . 

(2)  In  order  to  obtain  a quantitative  evaluation  of  the 
putwtial  artificial  flooding  at  various  locations,  analysis  was  npde 
where  possible  an  barriers  resqltiag  from  tnnpcroiy  downing  to  3 or  4 n 
above  mem  water  (HO  I bwrewer,  where  it  sosnsd  evident  that  the  barrier 

oould  be  appreciably  Increase^  c^fjoct  of  higher  detos  tras  studied* 
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In  this  study,  it  was  assumed  that  the  surface  of-the  pools  above  the 
tanporary  dans  mu  Id  be  level,  and  that  mean  voter  conditions  Mould 
prevail  at  the  tioo  of  the  operation.  During  high  rater  conditions 
greater  flooding  obuld  be  expected  due  to  the  increased  slope  of  water 
surface  upstroan  from  tho  tanporary  dams. 

<*•  Bftkt.rf.  tartar?  * 

(1)  Occ  ciulk  The 'of  feats  of  artificial  flooding  created 
by  tanporary  damAn g operations  on  the  LJUBLJANA  and  SAVA  River  are 
MRiwurlaed  in  Ibbie  6 and  the  extent  of  Inundation  indicated  on  Plate  18. 
Serial  nuntoers  of  sitae  oorrespond  to  the  bridge  serial  numbers  of  Table 
5 and  Plato  8*  the  flooding  produced  by  tanporary  darning  would  cover 
isolated  areas* ranging  from  0,5  to  10  tan  wide,  formation  of  oontinuoua 
overtook  flnodlrg,  by  means  of  ...dporary  dans,  is  not  considered  nrao- 
tioable.  Insufficient  iopojraphio  data  were  available  to  permit  analysis 
of  the  effect  of  b looking  of  the  outlets  of  the  many  am  11  tributaries 

of  the  SAVA  River.  Htsrevor.  it  appears  probable  that  such  disruption  of 
natural  drainage  would  anhslder&bly  increase  the  extent  of  narShy  and 
. swonpy  areas  at  many  points  along  the'  SAVA  River  and  along  its  tribu- 
taries, Review  of  the  affects  of  still-wcter  borriora  erri  drainage 

obstacles  in'  aped  fie  roaches  of  the  LJUBLJANA  and  SAVA  Rivers  follows. 

* ' ■ 

(2)  LJUBLJANA  RTfBt.  Prom  its  source  to  the  town  of 
LJUBLJANA  , the  UIBLJAHA  River  flows  through  a wide,  flat,  marshy  plain. 
Rrootlon  of  tanporary  dans  at  the  road  bridge  in  LJUBLJANA  and  at  a road 
bridge  on  the  COTJBER  CANAL,  to  an  elevation  of  290-  m.u .A . (6.5  m above  MR) 
Mould  causo  flooding  of  virtually  the  entire  valley.  The  water  barrier 
^hus  formed  would  be  18  ten  Img  and  trjuld  average  3.5  tan  in  width,  the 
Impounded  wt*tor  could  be  released  to  supplement  other  sourocs  of  water 
supply  for  still-water  bar  fieri.  in  the  SAVA  vnllqy . Suddoi  release  of 
tho  water  stored  in  tho  LJUBLJANA  Basin  maid  croate  an  artificial  flood 
wave  as  described  in  paragraph  4-03.  Raising  the  stage  of  tho  river 

to  a lesser  hcijgit  would  probably  raise  the  ground  water  level  and  lntfer- 
fere  with  tho  natural  drainage  of  tho  region.  That  would  form  an  offoe- 
tlva  drainage  obstacle  of  tho  area;  Blocking  cf  the  ntsnerous  drainage 
*diishcs,  coupled  with  destruction  of  pirg>ing  facilities  and  dikes  would 
also  recreate  marshy  conditions. 

! t » _ ’ • 

0)  9AU  River  Source  to  VI2HARJK-TAC3t  (Km  852).  Above 

TACIT  the  tonks"  nf  the  SAVA  River  “generally  nrc  high  and  rise  steeply  

tnm  the  river  bed,  thus  nuking  flooding*  by  tanporary  doming  operations 
impracticable.  Roar  T/fiW  it  is  probable  that  tho  high  meadows  on  tho 
right  bank  of  the’ stream  oould  bv  ‘x>pt  in  a mtmpy  condition  by  bloeklng 
the  natural  drainage' channels  leading  to  the  SAVA  Rivor, 

(l)  n^KK-tfCW  to  BOISE)  (ffa  833).  Tanporary  damning 
at  the  railroad  bridge  near  JRCCA  (tan  849),  would  produce  an  isolated 
still-water  barrier  approx  irately  3.5  ten  long  and  averaging  1,0- 1.3  tan 
uido.  J.%  the  DOISXD  RR  bridge  (tan  833),  tanporary  donning  to  elevation 
265  nu&*A.  oould  produce  a stiU^retcf  barrier  cn  tho  loft  bang,'  3*6  tan 
long  end  0.5-0 .7  tan  wide.  In  both  oases  tho  nature  of  the  bonks  and  sur- 
rounding ground  would  probably  mSkoMt  necessary  to  rti.ee  the  temporary 
dams  tu  the  fill  elevation  of  bridge  decks  (%10  n above  Iff)  in  ardor 
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to  achievo  any  appreciable  flooding.  These  too  bridges  probably  pnjvido 
tho  only  trait  able  sites  in  this  roach, 

_ At  DOLSXD  tbs  SAVA  enters 

a doop  nsrr m gorge  which  extends  to  V1DBA  (tan  757),  In  this  reach 
atlUUerater  barriers  would  be  oonflnod  to  the  narrow  valley  floor  and 

would  probably  not  afford  slgi  if  leant  water  obstacles, 

*■ 

(6) 


At  mm  (km  757),  tho 
SAVA  waorgoaf  rom  the  gorge,  from  there  to^QRES  (tea  TOO)  the  river  , 
banks  aro  fairly  hlfv . In  this  roaoh  a long  narrow  still-water  barrier 
oould  be  formed  by  raising  s temporary  dm  3 to  in  above  MV  at  the 
BOBIOB  IS  bridge  (tan  735),  As  indicated  .in  Table  6 and  on  Plate  18, 
this  pool  would  be  7 tat  long  and  average  approximately  0.5  tan  in  width « 
Although  no  other  suitable  Sites  for  tenporajy  darwing  operations 
sadist  along  the  SAVA  River  in  this  roseh,  extensive  drainage  obstacles 
oould  probably  be  formed  near  tho  confluences  cf  the  SUTIA  River  (km  729) 
and  of  the  KRAFDfA  River  (tan  715)-.  Blocking  of  those  streams  and  of 
other  drainage  dttchos  in  the  vicinity  would  cause  shallow  inundation 
or  boggy  oonditions  in  those  low-lying  Murshy  areas. 


, (7)  Z&fiBBB  Is  Uta.  9gnUygn98..9X.  VTgA3  Rjv^r  42gj, 

Below  ZAGREB  (km  TOO),  tho  SAVA  River  flows  throu^r  a vdde.  flat  valley. 
Between  ZAGREB  and  tho  VRBA3  River  confluence  there  arc  only  three 
„ bridges  affording  poesible  sites  for  tenposrar;  dams.  They  are*.  SISAK 
Road  bridge  (ten  595),  JA3W0VA0  RR  bridge  (tan  508),  and  STARA-flRADISKA 
road ,bridgo  (tan  46P).  Erection  of  tarporoxy  doss  at  those  locations 
would  result  in  the, formation  of  long  vido  siillHvator  barriers.  As 
indicated  in  Tiblo  6 and  on  Plate  18,  the  pool  formed  by  a temporary 
dan  et  OS/iK  would  oxtond  up  a large  low  depression  lying  several 
kilometers  to  the  loft  of  the  river  channel.  That  pool  would  be  10  tan 
long  and  average  4-7  tar.  vide.  B looking  the  bridges  at  JASENOVAC  and 
ST/JlUGRADISlCA  would  form  a continuous  still-water  barrier  60-70  km 
. long  and  averaging  2 to  10  tan  vide  as  indicated  in  Table  6 and  on  Piste 
18,  In  this  reach  the  lwr  flat  vallay  drains  to  the  SAVA  by  many  small 
streams  and  ditches.  Any  blocking  or  interference  with  this  drainage 
System  would  probably  create  extensive  drainage  obstacles  and  RRkUflats, 


e,  fetor  Roqulrments  for  Still-Water  Barriers. 

fhs~Wl«no  of  wstor  required  to  “effect  thc~c  rtif  ielsl'  " 
flooding  an  tho  LJUBLJANA  and  SAVA  Rivers  described  in  tho  preceding 
paragraphs  and  shown  in  Table  6 and  on  Plats  18,  together  with  tho 
estimated  tisn  required  for  filling  at  the  assumed  average  mean  re  tea 
of  flew  given  in  paragraph  402(b),  are  approximately 's  follows t 


site 

taster  Hequirjnant 

i Pilling  Time 

LJUBLJANA 

■ . * 65 

15 

j J88TCA 

10 

1 

DO  IS  BO 

2 

1-  : 

9R8Q0S 

* 5 

• 1 

SIIA1  ‘ 

'50-  60 

2 

JASHOVAC 

40-  60 

1 . . 

STARA-ORAQISKA 

m-m 
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a*  Qcrteral.  Tho  studies  in  this  pern  graph  pertain  to  artifi- 
cial fLxKhne  that  night  bp  produced  aling  tile  SAVA.  River  by  broaching 
of  HOSTS  CUM,  «and  of  tonpomry  barriers  at  LJUBLJANA  and  DOISKD  OOROB, 
Insufficient  data  were  available  to  pcmdLt  studies  ef  tho  effects  of 
major  flood  wave*  from  other  dams  in  the  area.  However,  their  offebt 
probably  rould  be  alight,  duo  to  tho  snail  siuc  cf  dams  and  volvne  of 
water  stored  in  the  headwater  reservoirs  upstream  of  the  confluence  of 
the  SAVA  and  VHBAS  Rivers,  . ' ' 


, » . V % 

• r ' ■ , 

b,  adoMacte  . 

■ •„  „ (1)  Natural  floe?  conditions  in  the  streams  of  the  SAVA 

River  basin  vaiy  considerably , as  shewn  on  Plates  9 and  17  and  discussed 
in  Section  III.  The  stage  end  disoh&rgo  existing  at  tho  time  of  release 
of  artificial  flood  wove*  greatly  influence  the  of  foots.  In  'this  study, 
the  assumed  base  flows  in  the  streams  at  the  start  qf  .thd  -tteVos  approxi- 
mate mson  water  eonditions,  ’ 

^ . + 1 •* 

(2)  Rosorvoir  pool  slevatipns  at  tho  time  of  rolcaso  of 
flood  waves  also  influence  tho  peak  and  deration  of  tho  waves , High 
po  *1  conditions  might  be  expected  during  tho  spring  and  fal1,  and  lor? 
conditions  during  the  a\rr»cr  and  tint  or.  Several  different  reservoir  ... 
pool  elevations  were  considered  in  this  study,  illustrating  c wide  range 
{)f  possibilities,  Tho  storage  curve  for  M3STE  .IMM  shorn -on  PlAte  19, 
was  derived  by  tho  roothod  described  in  Reference  24,  Storage  values 
for  the  LJUBLJANA  aijd  DDLS 43  QORQi  ponding  areas  were  estimated  from  , 

It 25, 000  topographic  maps,  A tabulation  of  estiimtod  atdrage  capacities 
and  average  filling  (Ians  under  mean  water  conditions  follows » 


MDSTE  DAM 


LW1LJARA  Barrio* 


D0l8n>  QCSUM  Barrier 


(3)  taring  passage  bf  k mjor  flopd.  ftvb  darn  strain,  ah 
appreciable  swlano  is  retained  behind  ordbankments  and  in  depressions  an 
the  flood -plalnj  and  lost  through  evaporation,  soepago, . etc.  For  oxnmple, 
39*5  percent  of  tho  v0)aao  of  water  discharged  from  the  Bder  Dan  breach 
of  May  190  was  lost  in  tho  passago  of  the  Hoed  wavo  to  Intschodo, 

426,6  km  below  the  d m (See  Reforoncos  5?5  sod  26),  Consequently  it  was 
oantned  in  this  study  that  for  each  10  tn  of  travol,  about  1 poreont  of 
the  volaoo  within  the  fle.xt  wavo  staid  be  l**st  or  retained  on  tho  flood- 
plain,  where  the  wavo  exe coded  backfall  stages. 
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4-03 

0#  fcgni  of  Creating  Mai  or  Hood  Waves.  * 

(1)  Broaching  of  KOafg  DAM.  Broaching  of  this*  dan 

(loos ted  at  In  904)  would  produce  flood  waves  of  limited  magnitude 
in  the  SAVA  Rirer  upstream  of*  iAOJBB  (Job  TOO).  The  else  of  the 
possible  breach  is  limited,  due  to  the'  narrow  width  of  the  poreo  at 
the  dameite,  (Bee  Plate  f),  * "'* 

War 

purpneoa  of  this  study,  the  broach  openings  were  assmed  to  be  of  trape- 
soidal  shape,  with  side  slopes  of  2 vertical  on  1 horisontal,  and  bottom 
widths  of  10  ra  or  2D  m,  os  shewn  on  Plates  20  and  21.  Those  openings 
approximate  the  rmxiigaa  dimensions  feasible  at  the  dam  site.  It  is  un- 
certain whether  the  elevation  of  the  4*i  or  oat  is  to  be  left  at 
514 (that  of  the  first  stage  of  ©instruction)  or  is  to  be  raised 
to  523*5  ro«u*A,#  the  proposed  ultimate  crest  (See  Inhibit  B),  Both 
levels  were  considered  in  this  sttubr  • Also,  study  was  made  of  the  oom- 
perative  flood  wave  eff  ects  that  would  bo  made  possible  by  raising  of 
the  dam  erect  to  517  m,u.A.  by  means  of  temporary  construction. 

(2)  Broaching  of  LJTOLJ/NA  Barrjqp.  It  would  appear 
possible  to  erect  barriers  across  the  LJUBLJANA  River  and  the  GRUBER 
Canal  pear  their  upper  junctions  just  south  of  the  city  of  LJUBLJANA 
(te  852),  That  would  permit  considerable  water  to  be  impounded  on  the 
wido  flat  marshy  plain  of  the  LJUBLJANA  Basin,  as  shown  on  Plate  18. 
Broaching  of  thoso  barriers  would  then  create  artificial  flood  waves  in 
the  SAVA  River,  as  far  downstream  as  BHCiro  (ten  225),.  Initial  ponding 
elevations  of  295  and  290  m,u*A,  were  considered;  The  effects  of  tso 
different  broach  openings  wore  studied t (a)  a trapezoidal  breach  of  10  m 
bottom  width j and  (b)  complete  abrupt  ronoval  of  the  barriers. 

0)  Broaching  of  DOiSKD  QORQE  Barrier.  The  deep  narrow 
gorge  just  downstream  of  D0L8KD  (hm  832)  on  the  SAV»»  River  night  oorv- 
ocivably  bo  blocked  by  an  artificial  landslide;  Such  a barrier  would 
impound  83  million  ty  of  water  at  elevation  270  m.u,A.  anl  325  million 
m3  of  water  if, carried  to  elevation  200.  The  extort  of  the  pond  is 
indicated  on  Plate  18,  It  must  bo  afbdttod  that  this  500  m long  by 
10  to  20  ro  high  barrier  might  Be  difficult  to  erect.  However,  subsequent 
broaching  or  f pi  Ip  re  of  sudi  a barrier  would  produce  appreciable  flood 
Wtgs  fsr  d<swtrum~on  the  SATA-RlTsr^  - to  determine  the-  nature — 

of  thoso  effects,,  tropeeoidal  broach  openings  of  lOO  and  200  m bottom 
widths,  at  eleyaticn  265  rn,\i*A.f  and  Initial  pending  elevations  of 
280  sod  270  m,u  *A,,  wero  c ana  id  c rod, 

t 4 

4«  Ef foots  Of  MDSTE  DA<  Breaching  Operations.  ' 

r 4 

(1)  Qsnaral.  The  estimated  effects  of  artificial  4 
fl^4  wavos  on  the  SAVA  River  produced  by  breaching  of  MDSTE  QAM  are 
Muinriiod  in  Table  7,  Discharge  hydrographs  at  key  locations  appoAr  * 
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on  Plates  20 
follows} 

and  21,  The  artificial  floods  3 tidied  are 

deaigiatod  oa 

Artificial 

Width  of 

Depth  of 

Broaoh 

Pool  < 

_OS3l  Mm. 

Breach  (m) 

Breach  (m) 

Slav . (ra.xi  .A , ) 

g^TifaaPaA.al 

1 

10 

5 

509 

514 

2 

« 

3 

* 517 

3 

n 

14.5 

n 

523.5 

4 

m 

5 

518.5 

'•  ■ 

.5 

20 

■ 

N 

• 

6 

<• 

10 

513.5 

• 1 

(2)  Artificial  Flood  No-.  1 results  from  a 10  m wide  by 
5 n deep  breach  of  MQ$TE  DAM,  ®nadLderijig  the  dm  creat  at  514  m.’i.A., 
the  elevation  of  the  first  stage  of  00 n struct! on , Discharge  hydrographo 
at  key  locations  and  a sketch  of  the  breach  are  shown  on  Plate  20.  The 
peak  discharge  of  330  m3/sec  drops  to  about  100  np/sec  (the  capacity  of 
the  outlet  conduit)  in  abnut  2 hours.  The  reservoir  is  emptied  by  the 
outlets  In  approximately  7 hours.  The  resulting  rise  in  river  stage  is 
only  0.7  m at'  S&LEDNIK,  43  km  below  the  dan  and  0,3  a at  ZAGREB,  204  km 
below  tho  d«n.  As  shown  in  Table  7,  only  slight  increase  in ‘width  and 
vs loci ty  of  flow  would  be  effected. 

(3)  Artificial  Flood  Mo,  2 awauld  result  from  tho  sane 
breach  considered  in  Flood  No.  1,  assuming  that  the  crost  had  been 
raised  3 a)  higher  by  temporary  construction.  Tho  initial  peak  dis- 
charge would  thus  bo  increased  from  330  to  590  tr^/sos.  Tho  downstream 
effects  viould  bo  slightly  greater  then,  those  of  Flood  Mo.  1,  as  ’ shewn 
on  Plate  20  and  In  Table  7,  but  would  still  not  appreciably  differ 
from  base  flow  cm  dittoes. 


(4)  Artificial  Flood  ?io.  3 would  result  frc*n  a breach 
with  bottom  width  and  ol ovation  identical  to  Flood  No.  1,  but  vdth  tho 
water  surface  at  the  ultimate  dam  crest  elevation  of  .523*5  ffi.u.A,  The 
initial  peak  discharge,. would  be  1545  vd/soc  and  it  would,  take  over 
3 hours  for  the  discharge  to  drop  to  the  outlet  capacity  (as  shown  on 
Plate  20).  The  resulting  flood  imvo  height  above  initial  stage  would 
be  1,9  m at  SWI-EHilK,  and  0.9  w at  ZAGREB.  Effects  are  sumiarisdd  in 


-Tabli-7  lisa- 


is  abf.vn  on  the  profiles  of  Fla  to  ¥?', 


discharge,  »cl.-c itjr  to  natural  valu aa 


(5)  Artificial  Flood  No.  4 discharge  hydrographs  appear 
on  Plato  21,  and  the  sujrmry  of  effects  in  Table  7.  This  flood  illus- 
trates Urn  effect  of  reservoir  storage  upon  the  flood  wave.  The  broach 
is  10  js  wide  by  5 m high,  like  Flood  No.  1)  however,  the  assumed  water 
surface  is  523.5,  as  compared  to  514  ra.ti.A.  for  that  flood.  As  may  bo 
seen  in  Table  7,  the  diration  of  the  resulting 'wave  is  about  double  that 
of  Fiord  Vi,  1.  This  reflects  the  greater  volume  stored  at  the  higher 
elevation.  , 


(6)  Artificial  flood  No.  5 was  included  to  determine  the 
effect  of  width  of  breach  upon  the  resulting  flood  wave.  It  results  from 
a broach  of  20  c bottom  width,  double  that  of  Flood  No.  4.  As  shear*  on 
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Plate  21  arjd  in  fable  ?,  the  difference  In  discharge  awl  other  effects 
for  those  two  breaches  bee  ores  progressively  leas  as  the  waves  progress 
downstream.  At  the  dan,  Flood  No.  5 peak  discharge  is  540  m3 /sec,  com- 
pared to  358  m3 /sec  for  Flood  No.  4j  at  ZAGREB,  crest  discharges  ore 
360  and  355  Wf%  respectively , The  other  effects  are  practically 
identic*  . 


(7)  Artifl cial  Flood  No.  6 likewise  may  be  compared  to 
Flood  No.  4.  The  assumed  breach  of  20  m bottom  width  and  10  m depth  is 
trice  m deep  as  that  for  Flood  Ho.  4,  and  represents  approximately  tho 
widest  opening  that  might*  bo  fitted  within  the  gorge  at  the  desnaita.  A 
peak  discharge  of  1385  a? /hoc  drops  to  the  outlet  capacity  in  about 
3 h*»urs.  This  discharge  is  nearly  4 times  that  »f  Flo>>d  Ho.  4 but  about 
90  percent  as  great  as  Flood  No,  3.  The  dotn stream  effects  are  appre- 
ciable as  far  downstream  da  ZAGREB.  There,  tho  discharge  would  bo 
440  mP/see  for  Flood  No;  6 compared  to  355  r<3/scc  for  Flood  Ho.  4*  The 
height  of  the  vrevo  at  ZAGREB  would  be  0,7  m far  the  former  and  0.4  m 
for  the  latter.  Tho  discharge  hydrographs  appear  on  Plate  21  and  the 
surrraiy  of  effects  in  Table  7* 


* (1)  General . Tho  estimated  effects  of  artificial  flood 

waves  on  tho  SAVA  River  produced  by  breaking  uf  the,  LJUBLJANA  Barrier 
(km  852)  are  sumarisc-d  in  Table  7.  ' Discharge  hydro  graphs  at  the 
barrier  and  at  S TA1UU GRAB! S tCA  (km  460)  are  sherrm  as  Plate  22.  The 
artificial  flo<xl  waves  studied  are  designated  as  shown  in  the  following 
tabulation i ■ ■ 


/artificial 
Florxl  No, 


Width  of 


Depth  of 
breach  fa) 


Bread} 

Elcv. (m.u 


Pool 


Cdnpltt*  r«nov»l 

■ « 


(2)  Artificial  Flood  No,  7 is  the  result  of  a 10  m wide 
by  10  m high  trspospidal  breach  of  LJUBLJANA  Barrier,  considering  the 
impounded  water  level  to  bo  295  m.u.A,  Tho  peak  discharge  would  bow 

'”725 B^/Soc.  “B5uG~i&~^d~lffrg{r^^^ — . 

Use  duration  of  the  wave  would  bo  nearly  30  days,  as  may*  be  seen  on  tho 
discharge  hydrographs  of  Plato  22  and  In  tho  swmary  of  Tabic  7.  The 
wave  height  would  decrease  from  nearly  2 m at  UTIJA  (39  tan  belexr  the 
barrier)  to  about  0.5  m,  600  km’beltn?  the  barrier . In  the  lower  roaches 
of  the  SAVA  River  below  ZAGREB  (Xh  700),  the  crest  of  tho  wove  vxmld 
ovprtep  the  bhaks  about  0,5  n.  This  would  rosult  In  flooding  of  wide 
areas  of  low-lying  land  during  the  passage  of  the  peak  of  tho  wave. 


(3)  ArJailclAj,  Fie;  ed  Ho.  8 results  from  a 10  m vrldc  bv 
5 m dpqp  broach  at  LJUBLJANA , The  peak  discharge  would  bo  only  225  wP/aoc, 
Tho  voiano  **f  stored  water  at  elevation  290  ».u  ,A  . Is  about  ono-tenth  of 
that  tepdwnded  at  elevation  295  m.^.A.  The  duration  of  tho'  flood  wavo 
would  be  approximately  oho  weak,  a a oomparsd  to  30  days  for  Fled  No.  7, 
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As  sh'sm  on  Plato  22  and  In  Table  7,  the  dowry*  tream  effects  ruuld  bo 
much  less  than  for  that  fl,->d,  and  continuous  overbsnk  flooding  could 
not  bo  expected . ' ' 

t * • 

(4)  Artificial  Flood  No.  9 assuctes  the  ample te  demoli- 
tion or  abrupt  ran/ml  of  a barrier  at  IJilBWARA.  With  the  initial 
pending  level  at  295  ra«u*A.  behind  the  barrier,  the  resulting  peak  dis- 
ctas'ge  would  be  approx  i mutely  2000  rv/soc  and  the  rraro  would  last  from 
10  te  15  day®,  Appreciable  increases  in  stage,  velocity,  discharge  and 
-ridth  of  flooding  r mid  result*  For  ample,  at  STARA-QRADISKA,  392  tea 
below  W18WANA,  the  stage  would  bo  increased  about  3 m and  the  width 
of  the  water  dbstaclo  incroa  sod'  from  190  m to  abodt  1 ten.  Refer  once  is 
made  to  the  sumary  of  effocts  in  Thblp  7,  and  t > the  depth,  velrcit/, 
and;  discharge  prof  lies  of  Plate  17. 

(5)  Artificial  Flood  No.  10  dif  fors  from  that  Imediatoly 
procoding,  in  that  the  initial  ponding  level  was  taken  to  bo  390  m.u*A., 

5 m lirnsr  than  Flood  No.  9*  The  poak  discharge  would  be  500  md/soc  at 
the  barrier  and  the  duration  of  the  *<ravo  would  be  from  3 to  6 days.  The 
height  • { the  wave  above  initial  stages  would  vary  from  about  1.5  m, 

40  ten  bclntr  the  barrier,  loss  thrrn  6.5  m,  at  locations  more  than  400  ten 
bole*,*  WUHLJ/iKA,'  the  magnitude  of  the  effects  would  be  Considerably 
loss  than  Flood  So,  9,  but  only  slightly  less  then  for  Flood  No.  7, 
although  the  duration  wt'uld  be  only  Jhsut  ohe-edgnth  as  long  as  the  latter. 

f , Effects  of  PQtSKD  00R0E  Barriar  Breaching  Operations  . 


(1)  Pen  oral,  the  estimated  effects  of  artificial  fitted 
waves  produced  by  assumed  breaching  or  failure  uf  c high  barrier  in 
0013X0  00 ROB  (ten  832)  are  sxrrmrixcd  in  Table  7,  Discharge  hydrographs 
at  the  barrier  and  at  BTARA-GRADISKA  (ten  460)  arc  shown  cn  Plate  23. 

The  artificial  fiord  vravos  considered  are  designated  as  follows « 


Artificial 

JjadJBu 

TLdth  of 
Breach  (ip) 

Depth  yf 
M (ill) 

Breach 

IXsclSsLlaUI 

11 

100 

15 

265 

280 

12 

* 

5 

• 

’ 270 

200 

• 

15 

• 

,*•* — -""j  "*"  ■ .■ 

280 

14  • T — 


(2)  Artificial  Flood  Ho.  11  would  have  a peak  discharge 
at  th.o  breached  barrier  at  10,500  m3 /see,  A broach  width  of  100  r.  and 
depth  of  15  m were  asswnod  fer  this  flood.  The  flew  would  rapidly  de- 
cline to  base  flew  in  1 to  2 deys.  At  STARA-<JRAIJIs&.,  approxtmatcfly 
370  ten  denst  stream,  the  increase  above  base  flex?  would  be  only  1500  sp/sec. 
Similarly,  the  haij^t  f the  wave  above  initial  stages  would  docreaso 
from  "ver  20  n In  the  cargo  to  loss  than  2 m in  the  lower  roaches.  Hold- 
over,, the  resulting  flooding  would  inundate  extensive  areas  in  the  flat 
plains  bolcr  ZA0R31  • Reference  is  made  to  Plate  23  for  discharge  hydro- 
graphs  at  the  barriar  and  at  STAitV-GIlADI * X.'.  and  to  Table  7 far  surmary 
of  the  estimated  effectual  key  statics. 
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4-Q3f  ^ 

(3)  Artificial  *a-  12  results  fms  a 100  n *dde 

broach,  but  trlth  -n  asstsnod  rater  surface  of  270  suuJ*.,  10  m 
Own  fur  na-A  Ho.  11,  The  poafc  dl>*arge  ft  berrter 
#aly  1*950  ctl/soo.  apprnrimtoly  one-fifth  as  |„.oat*  The  • 

mSd  jlSll  be  t»5y  about  1 day.  as  sh  to  '"  Plato  23.  *2*J,7  ** 
that  effects  dt^nsireszn  rxjuld  slightly  oxocod  bsnkfuU  ojoditlun  • 

U)  Artificial  flexi  Mo.  13  Is  the  result  of  a 200 'A 
«14»  «d  15  » tel  biSh,  TSo  EltUi^oah  ale*argc  of  »,300  J/>oo 
1,  Spjjroxfcmtcay  «»  that  of  no>d  *».  U.  The 
la  ab.ut  1 day.  Plato  23  and  fable  7 indicate  that  tho  diffoiwco  In 
discharges  ^Floods  No.  11  md  13  beocno  progressiv^  «mllar  * 
travo  travels  dor/nstroam,  as  rras  slmilarily  observed  in  the  ease  * Floods 

Kps*  4 and  5-  . ..  .,  • 

1 a ($)  Aril  f lclal  n.iKi  Ko.  14  effects  are  slwrjnon  the 

depth,  velocity*  and  discharge  pirofLlos  of  Plate  17  as  ?/cll  as^in  tte^ 
awnam  of  effects  fable.  7.  This  flood  r»uld:  result  a 200  m vide 

by  5 » a**  breach  In  the  D013W  00RG2  Jarrlcr  ass^lng  ^V<»kdia- 
aurfaoo  to  bo  at  a barrier  erett  elevation,  of  <70  a poak  ais 

cterre  of  3850  isVsco  at  the  barrier  uuuld  result  In  an  increase  of 
% %facn£y7Mo  fta-  ft  sE&^nfllC.'-.  Tho  rb«aUng  P°* 
ditlons  mfuld  slightly  exceed  those  prevailing  at 

and  s cto  significant  localised  inundation  of  leu  spots  rni#t  be  expeotod. 

, g.  o™>ariaan  of  Effects  if  Breaking  pppretjona.  Broaching 

of  M0ST5  H*M  t*Su  result  in  slight  increase  of  d is cha rg  a , f **  .. 

velocity  r.b*vc  base  fit*?  oendltijos.  Effect®  K«ViJd  b°  confined  10 
upper  roaches  of  the  River  obovo  EAGREB  (km  700)  • Broaching  at a 
banker  at  LJUBW^’A  oauld  pr^kce  significant  flooding  ° 

SMI  River,  belt*?  ZAGREB  • Breaching  € a high  oarrior  In  TOISK0  00R0E 
Jtuld  prwlvfiO  very  hi#  stages  arid  fltws  ir.  thegorgo  bcl«?  that  ^rrior, 
and  appreciable  flooding  af  levrland*  belt*  ^‘O^.  Peak  vaiuw  for  tbc 
SrtouTflo  d mvos*  stalled  arc  surrwisod  in  Thblo  7.  tho  i ration 
representative  artificial  raves  t>  natural  c.*  iUons  is 
Plate  17.  Extracts  ft  pertinent  of  foots  from  Table7  at  selected  key 
. locatiivis  are-  presented  bolt*  to  facilitate  oxapnrisun  botrroen  the 
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flanwL  The , studies  in  Oils  paragraph  pertain  to  the 
artificial  flv yding  that  night  be  produced  along  the  SkVL  River  by 
release  of  water  from  ..the  outlets  of  ?*DSTE  DAM  (ten  904)*  These  flair 
variations  nayjjb©  repeated  to  prod  oca  cyclic  effects,  dependant  upon 
the  rep  laid  Ament  of  the  reservoir  storage.  Reference  is  made  to 
paragraph  2-10  and  Exhibit  B for  description  of  the  outlets  and  to 
Plato  7 for  sketches  of  fdSTE  DAtf,  Insufficient  data  were  available 
to  pcordt  similar  studies  of  the ‘affect  of  releases  from  «tho  other 
hydro-oloctri c ’pr  jJ octs  listed  in  Table  4.  j . *' 

b.  Hydrologic  Consideration  f , Refer  once  is  mad#  to  para- 
graph 4-Ojb  for  discussion  of  the  influence  of  natural  strom  flew  and 
initial  r.csarvbir  pool  elevation  on  artificial  flo  ding  effects.  It 
is  si  91  if  leant  *tha  t the  restirroif  of  M08TE  DAM  can  be  refilled  to  full 
capacity  in  5 day  s under  moan  water  conditions  , 

nr  > v,  • 

P.  Beans  of  Creating  Detrimental  .nag  Variations.  Sudden 
opening  of  the  control  gates  on  the  bottom'  outlet  tunnel  of  MGS TE  DARI 
(shown  on  Fig,  2 of  Plate  7),  would  release  ah  estimated  108  nr/ seo 
with  the ‘reservoir  stage  at  514  m*u,A.  • tlct  corresponds  to  the  eleva- 
tion of  the  first  stage  of’ construction  described  in  paragraph  2--10 
and  Exhibit  B,x  The  estimated  discharge  vxuld  bo  125  m^/soc  vrith  the 
•a ter  surface  at  $23»)  m.u.A.,  the  elevation  of  the  proposed  ultimate 
dam  crest.  The  disofcrgc  capacity  of  the  power  outlet  is  relatively 
■nail.  Available  inform* tion  indicates  that  the  po’ssibilitioB  of 
appreciably  increasing  regain tod  discharge  by  temporary  by-passing,  , 
llteratlbn,  or, dismantling 'of  the  outlet  appurtenances  arc  slight, 

' d.  ttfgffis  pf  fe&toantel  TIsf  Yarfettorp. 

ft  . . 

* , (1)  Gonoral,  The  effects  of  detrimental  flow  variations 

produced  by  releases  from  the  outlets  uC  M08TE  DAM  arc  3\nmrl*od  on 
page  ) of  Table  7,  .Representative  discharge  hydrofraphs  arc  ahum  cm 
Plat#  24.  Flcv  variations  are  .design  tod  for  purposes  of  identification 
as  follows*  , ■ *t 

T:'.  it.  1 . l - . : . 

, « ex  ir  w 

; ....  , _ ->'■■■  Wiling 

'TJ’tlfiCinl"  ^»1  liov',-— —---Maehsrge — - — -Storage- — — -—  Time 
Flood  Ho,  fe,u •>*•)  la?/soo)  (wQ.ljir')  l days) 

15  514  108  ’ 2,3  2 

16  . 523,5  125  6*09  5 

• 1 A 

. ‘ » « ■ 

(2)  Artificial  Flo  >d  Ko.  15  is  the  result  of  discharge 
frm  the  bet  ton  outlet  of  MOST*  DAM,  with  the  pool  at  514  m.u.A.,  the 
•lftvati«m  «f  the  dm  crest  for  the  first  stage  of  construction.  Tho 
pock  discharge  of  108  sk/soo  would  result  in  ah  increase  of  49  >.i3/soc 
over  base  flow  at  ZAGREB  (km  TOO),  as  ahowt  on  Plate  24*  - Rivor  stages 
would  be  Inorossed  only  about  0*2  n at  that  loot tien,  and  would  rcudn 
within  bmks  throutfi^ul  the  deem  stream  travel  nf  the  flood,  as  iniiollsd 

In  Table  7,  * SECRET  * 
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(3)  Artificial  Ploxi  No.  16  involves  the  outlet  dis- 
charge from  MDSTS  DAM  with  the  pool  at  elevation  523*5,  the  proposed 
ultimate  dan  crest  elevation,  Peak  discharge  Trould  bo  125  m?/soo.  The 
affects  mnld  iuA  bo  apjrociebly  greeter  then  those  for  flood  15,  as 
racy  bo  soon  on  Piste  24  sod  In  Table  7,  At  ZAGREB  the  beso  fleer  discharge 
would  be  exceeded  by  79  m3/soc,  The  "stago  there  t?ould  rise  only  0*3  m 
and  flow  m»uld  remain  rdthin  banks,  e 

o,  * CmftrtfPB  flLJttflgfal  i Reference  la 
mdo  to  Ihblc  7 for  srpmtlTc  sensation  of  results.  As  may  bo  soon 
In  that  table,  the  artificial  flooding  effects  produced  by  outlet  re- 
leases from  KBTE  DAM  are  much  snellcr  then,  those  produced  by  broaching 
opovMims.  Increase  of  reservoir  stage  £ -os  not  appreciably  increase 
affects  of  flur?  variations  resulting  f row  outlet  discharges*  A tabula-  / 
tlon  ■■£  cutoeorotivo  pertinent  affects  of  the  two  flow  variations  studied, 
fojlcsrsi 


Peak  Values 


i »•_ 

Flood . 

M<»»  Dwth 

Width, 
Flood od 

OvurflCSF 

bsldit 

Moan 
Surface 
Vel*  , 

Duration 

. . <m 

a . 

m 

m/s  oo 

Days 

('.)  At  oipSe.  fa  M 

15  2,5 

00 

Within  banks 

i ■ 

2.1 

1/2  .•* 

16  2.6 

00 

s » 

2.2 

3/4 

(2)  . ttn  813! 

• / 

' \ 

- 

15  . 2.6 

160 

* Within  banks 

1*8 

1/2  t 

16,  2.7 

*■  . - ■*  f 

160  . 

• B:  ■ 

1.9 

: -»•  1 

(3)  A*  ROBB).  Ita  H30 

*i»  i * 

’ i 

15  3.2 

215 

i,  Within  banks 

1.0 

3/4 

16  30 

215 

• * 

1.0 

lr-1/4  t. 

rf.  , •_ . I ' - f ■ ■" 

4-05  ARTIfl CIAL  FLOOHMG  K*TENTI  ALT TIES  C?  CANALS  tJID  LAKES, 


„ a*  Canals,  Since  there  arc  no  navigation  conaU  in  the  area, 

artificial  flooding  can  put  be  produced  from  that  source*  Blocking  of 
diulnagecannlacaupludjrtth,  hr  os  ching  ' X dlkua^andJealP^^ 
ago  pumps  could  create  ■Drainage  Obstacles,*  as  described  in  paragraph  4-02, 

b*  . jakns.  Approximately  10  million  m3  muld  bo  storod  in  the 
BflHDfJSKO  JBZEflD,  assuning  that  the  lake  level  could  bo  rod  sod  and  re- 
tained ft  3 n.  above  n-»n»l,  Sfaailerly,  about  one-half  million  m3  could 
bo  stored  in  LAKE  BLED,  At  0*4  ta  above  normal  stage.  Th  -so  stages 
approximate  the.  ns  xi  nun  lcvpls  attained  dutir*  the  period  of  record 
1902-1946  for  the  fnnrer  and  1896-1946  for  the  latter,  (See  Boforonoo  27), 
layafflolont  Information  Is  available  tu  determine  tho  feasibility  of 
roch  water  rwtpntUv*  in  th  we  haste  ter  lakes  of  tho  SAVA  River  Basin, 
or  tho  y»tc  -f  discharge  if  the  rails*  trero  suddenly  releasod.  ftnaover, 
it  might  bo  ostimtod  that  the  dischargo  rould  nit  cxcood  l$o  m3/soo, 
lint  v»wld  n«it  be  sufficient  ta  crooto  appreciable  flow  variations,  Ths 
volwio  of  watar  so  stersd  is  Mil  sosperodt*  natural  flow  voltes  In 
th#  SAVA  River  but  oould  Bxpplaaml  other  sources  of  inter  supply  for 
Stillwater  barriers,  d&aeilbod  In  paragraph  4-02* 
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4-06  mwm.  * 

the  artif  icial  flu  >lirc  potentialities  of  the  SAVA  River  des- 
cribe! In  tree  fading  paragraphs  4-01  to  4-05  are  herein  sirrsarlzod ! 

ft.  Tmpt.s rary  ’diming  at  suitable  bridge  openings  or  other 
constrictions  mmuld  create  . tilirnater  obstacles  of  variable  sizes. 
Resulting  flo-xtlng  'would  be  sll^it  in  roeato&  above  ZAGRfB  (ton  700)  . 
Inundated  areas  IS  to  60  km  long,  2 to  10  tea  wide,  and  averaging  over 
1 meter  deep  could  be  created  at  LJUBLJANA  (tea  852)  or  at  several 
locations  dotmat ream  from  ZAGREB.  Blocking‘s  normal  drainage  facilir* 
ties  mold  create  i?pr sky  drdimge  obstacles  covering  largo  areas  in  the 
WIMJAKA  Basin  and  in  the  lower  roaches  of  the  SWA  River.  The  inunda- 
tion effects  are  surnorizod  in  Table  6 and  described  in  paragraph  4-02. 
Locations  and  extent  of  still-water  barriers  ere  in  Hen  ted  on  Plate  18. 

b.  Broaching  e£  the  MD6TS  DAM.  (Xrn  904)  TfLuld  create  artifi- 
cial flood  saves  in  the  SAVA  River.  Duo  to  the  limited  storage  capacity 
of  that  reservoir  and  to  the  narrow  Width  of  the  gorge  at  the  dan  site, 
mvo  hcighto  would  net  be  dangon>u®ly  large.  Reference  is  made  to  para- 
graph 4-03  for  detailed  discussion  end  t,;  Table  7 for  sissnatlon  of  effects. 
A tabulation  of  the  range  of  pertinent  effects  for  the  floods  studied 
foUtwrai 


It  an 

Amplitude  of  wave  * 

Duration  of  wave 

Roto  of  Rise 

Timo  of  Croat 

Overbank  depth 

Width  flood  at 

Max.  moon  surf  nice  velocity 


m/rr 

hr 

IS 

in 

n/ccc 


0.7  - 1.4 
1/4  - 1 
0.35  - 0.7 
3 

Within  banks 
85  - 130 
2.3  - 2.5 


ZAGREB  (Km  7CX 

0.3  - 0.9 
3/4  - 1-1/2 
0.03  -‘ft.1 
28  - 32 
Within  banks 
215  - 220 
1.0  - 1.4 


c,  Branching  if  a temp  rary  terrier  at  AJUBLJAJiA  (Km  852) 
would  create  cij^Sfioant  nfljor  artificial  flood  rexvas  in  the  SAVA  River. 
Effects  rtould  be  appreciable  as  far  downstream  as  BRCKO  (ten  225);  See 
paragraph  4-03  for  discussion  and  Tfeblo  7 for  avnwaiy  of  effects.  At 


Mi 


Amplitude*  of  tmve  1 ' m 

Duration  jf  vmvo  - days 

Rate  ,>f  Rise  ra/nr 

Time,  ef  Crust  hr 

Overbook  depth  m 

Width  ncKdod  m 

Max  . rwch  surfaou  voloftitr  m/soc 


lira  c (Kn 

0.5-  4.8  0.3  - 2,9  * 

4 - 25  6 - 28 

0.04  - 0.5  0.005  - (UK 

12  - 14  108  - 125 

Within  banfcs-2,0  Within  bsnks-0.5 
160  - 230  * 195-  1000 
2.4  - 3.0  0.9  - 1.1  < 


d«  Broaching  »f  a toapemiy  hitfi  dun  or  barrier  eroctod  in 
DOLSfD  CDRGfi  (tea  832)  twuld  also  create  maj<ir  artificial  flood  tmvoa  In 

nuu 
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tho  S-.Vi,  River*  the  mgtltude  f effects  Is  largely  dependent  upon  the 
height  of  the  barrier.  For  height*  of  barrier  in  excess  about  15  m, 
appreciable  effects  twuld  be  felt  as  far  dienstrocrn  as  BflDKO  (%i  225). 
Discussion  is  contained  In  paragraph  4-03  and  swrrury  “f  off octs  is  in- 
eludod  in  Table  7.  A tabulation  f the  range  of  effects  follorst 


Item 

Unit 

UgJ/,<Rn  8131 

2 

I 

i 

Amplitude  of  wave 

IGf 

3 .ft- (over  9.5) 

1.1  - 4.3 

Duration  of  wave 

dfflrs 

raAr 

1 

2-3 

Rato  .if  Rise 

0*5-(ovor  2) 

0.02  - 0.0ft 

Tine  of  Crest 

hr 

6-9 

96  - 105 

Overbank  depth 

m 

l,0-(over  7) 

Bankfull  - 2.0 

Width  flooded 

m 

200- (over  300) 

200  - 2000 

«*ax.  men  sur  face  vql# 

ffl/sec 

3.0- (over  3) 

0.9  - 1.2 

o.  Flew  variations 

if  anr.ll  majjiitude  could  be  produced  in  the 

upper  reaches  f the  SAVA  River  by  opening  the  c -nt rolled  outlets  of  MOSTE 
DMt  (Hn  9<H).  Cyclic  variations  c uld  be  repeated  at  2 to  5 day  intervals 

Reference  is  sedo  to  perugraph  4-04  and  Table  7, 

, A tabulation  >f  effects 

fbllotffli 

I tom 

QzOi 

OT0CB(«n  885) 

ZAOrraifXto  7001 

Amplitude  of'  rise 

m 

0.5  - 0.6 

0.2  - 0.3 

fheatl>n  of  rise  - 

dmrs 

nAr 

1/2-1 

3/4  - 1-1/4 

Rate  tl  Rise 

0.1 

0.02 

Tim  of  Crest 

hr 

6 - 9 

31  - 36 

Ov-urbonk  depth 

in 

Within  banks 

Within  berks 

math  flooded 

m 

ao 

215 

Max*  vom  sirface  vcl. 

n/soc 

2.1  - 2.2 

1*0 

f • Demolition  \‘r  failure  of  the  temporary  dans  used  for  still- 
tmtor  barriers  discussed  in  paragraph  4-02  wauld  produce  flood  vravoo  of 
A srt  duration  and  magnitude.  Significant  off  octs  would  not  bo  produced 
except  in  the  roaches  several  Kilometers  below  the  de3trcyod  barrier. 
Failure  of  such  temporary  dams  might  be  caused  by  flutr  overtoppir^  the 
structure.  ThcroAco,  adequate  relief  spilltrays  or  outlets  should  bo 
provided. 


g.  Tho  affects  of  artificial  flood  waves  or  flovr  variations 
depend  largely  upon  the  base  fin?  (i.c.,  the  flow  in  tho  stream  before 
arrival  •l^'eTl>/3  roporf^rtTbSio d~ 

upon  an  asaurasd  base  flow  approx  ire  ting  mean  water  conditions.  Iho 
follorlng  tabulation  Illustrates  the  oirparativo  off  octs  produced  by 
Flu  d Ko.  7 at  i'.QREB  (Ite  TOO)  viih  base  flows  of  250  to^/soe  (mean  water 
1 1 <w  as  shown  in  Table  7)  and  1000  aP/spo* 


Item 

tkilt 

ZAGREB 

foarfia 

Base  Flw, 

«^/*oc 

250 

1000 

Asairwd  valuoa 

Discharge  Increase 

m?/soe 

530 

530 

Table  7 

Crust  Dia charge 

n»3/soc 

790 

1530 

(2)  plus  (3) 

Initial  Oft  go  Hcdght 

cm 

35 

255 

Fiwm  Plate  15  for  A ) 

Crest  Cogo  Height 

«!» 

apo 

355 

Ffcaa  Plato  15  for (2) 

Stage  Ineroase 

jl 

U7 

1*0 

(4)  minus  (5) 

Initial  Wean  Surface  Vol. 

w/aec 

0.0 

2.1 

F*vn  Plato  15  for(4) 

Croat  WcmSurfaeo  Tel. 

m/jKJO 

1.8 

2.5 

From  Pinto  15  fur(S) 

?el  city  Ineroase 

n/soc 

1.0 

0*4 

(7)  minus  (0) 

IF- 15 
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WCTCf  ON  NtUTUS  OPERATIONS  ' 

^ > 4*;  V ^ ’ I.’ 

, _ t v A _i  Y ^ , 

■ ■ \ 1 *; 

5-01  OBflRAL,  • ' ' 

The  purpose  of  this  sectionals , to  assis t military  planning 
personnel  In  eetfceting  the  relative  value  and  effect  of  artificial  . 
flood*  upon  associated. raili.tary.,f*ct©re  tach  as  bridging,  ferrying, 
end  trafficarility*  The  off sots  of  artificial  floods  tgx>n  militaiy 
operations  may  vary  greatly,  dcp^’ding' oft' horologia  and  weather  , , 
conditions,  th*  tactical  and  loglstleal^ituation,  and  the  type  of.  ; 
Uffjalpwnt  involved.  Ref  arena  e is  Mde  to*  Section  I?  for  discussion 
of  the  hydraulic  feature#  associated  With  artificial  flooding* 

J 5-02  CHARACTHHISlTCa  Of  hUZTTklB  9RIDGIN9.  •. 

a*  The  loading ‘capacities  of  standard  U.  S.  Arny  floating 
bridging,  for  eonditiona  classified  as  "Safe*  Caution,  and  Risk  Cross-, 
ings,"  for  variote  current  velocities  are  tabulated  in  Table  8* 

‘ Included  are  the  current  velocities  which  are  presunsd  to  destroy  the 
bridge  in  place  with  no,  load,  the  values  ranging  from  9 to  16  feet  per 
second  (i.e.,  about  2.7  to  4.9  m/sec).  Table  6 is  prlnwrily  based  on 
data  oontained  in  References  28  and  29. 

; / i ( , ?>a  »'  1 1 

b.  It  should  be  noted  that  the  velocities  show*  in  Table  8 
represent  general  averages.  The  ability  of  floating  bridges  to  with- 
stand current  velocities  depends  upon  numerous  variable  factors,  such 
as  special  provisions  for  securing  the  bridge,  the  rate  of. change  in 
river  stage,  direction  and  variability  of  current,  debris  carried  by  the 
strewn  and  other  considerations . Standard  bridging  has  boon  suoce*»~ 
fully  utilised  under  eoniitlonS  more  severe  than  indicated  in  Table  8, 
and  has  failed  under  apparently  leas  critical  velocity  ., 

5-03.  LifflCTS  OF  ARTIFICIAL  FLOODING  DUHDfO  ACTUAL  CROSSING 
OPERATIONS.  . ...  , . , 

’ t ' **■  •*  ■ 

No  information  is  available  regarding  details  of  actual  ndTW 
tary  river  crossings  cf  the  stroarB  in  the  SAVA  River  Basin,  nor  of  Hie 

flbtvT1  **  Hooding  *ipr»n  aueh  operations.  

* . ' '*  J * ‘ 

5-04  EFFBDT  CP  STILL-WATER  BARKIS®  AND  DRALMOE  CBSTACLE9. 

a.  t 'Nsrrocc  is  nftdo  to  paragraphs  4-02  and  4r0b  for  dio- 
oueaien  ct  the  1 ydmulio  features  associated  with  formation  and  aug- 
mentation of  water  obstacles  ty  means  of  troporoy  darning  operations 
or  by  dlsnptlon  of  nunaal  drainage. 

b*  Bridging  and  forrying  operations  within  the  backwater  ■. 
roaches  upc  trees  from  the  twwrorary  dams  would  be  hindered  by  reason 
of  the  resulting  greater  width  and  depth  of  eras  sing,  indie  a ted  In 
table  6 and  on  Plato  IB.  Approach  troffi  ©ability  would  be  reduoed  by 
the  shallow  overbank  flooding,  and  the  increased  strewn  depths  would 
hinder  fording  of  the  affeptod  reaches  of  the  rivwr.  Bines  the 
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resulting  increased  water  obstacles  would  not  bo  continuous  along  the 
streams  (as  illustrated  on  Plato  18),  sttU-water  barriers  mat  bo 
eeafalned  with  other  natural  obataelcs  and  with  tactical  operations  In 
order  to  channoliio  military  action. 

. . , o.  Shallow  inundation,  even  of  short. duration,  over  the  wide 

flat  UUBUARA  plain  vould  probably  reduce  overland  traff inability  long 
after  the  end  of  such  flooding.  That  plain  la  naturally  i*rs|ry  and  any 
disruption  of  the  extensive  artificial  drainage  facilities  would  quickly 
cause "it  to  revert  to  that  state,  The  main  roads  and  railroads  are 
lonated  on  onbanlcncnta  and  would  probably  be  unaffected  except  in 
isolated  low-lying  spots  or  wbero  culverts  or  bridges  wore  demolished, 

d,  Any  inundation  of  the  low-lying  land  along  the  lower 
reaches  of  the  SAVA  River,  such  as  that  shown,  on  Plate  18  as  created 
by  still-water  barriers,  would  reduce  overland  trafflcablUty  for  ex- 
tended periods.  That  region  hat  inadequate  draine  ge  and  is  naturally 
inundated  or  warWiy  for  most  of  the  yoar  as  a result  of  natural  floods. 
Consequently,  very  few  roads  or  railroads  hove  boon  built  in  thoeo  aroas. 

o.  Continuous  military  support  of  the  temporary  dam  instal- 
lations m»uld  be  necessary  to  prevent  their  destruction  by  oneriqr  air 
or  ground  action  . Destruction  of  a temporary  dam  would  release  a flood 
wave  of  short  duration  that  would  tcnporurily  hinder  crossing  operations 
below  the  structure  and  thich  tiL^it  cease  progressive  failure  of  other 
demstrown  structures, 

f • Broad  tag  of  levees  would  be  necessary  in  some  cases  ; while. 
In  others,  blocking  of  culverts  and  drain*  go  outlets  would  be  required 
in  addition  to  tanpearary  damning  operations  in  order  to  create  ef foot! to 
Stillwater  barriers  end  drainage  dbstaclos. 

5-05  EFPBCT  OP  MAJOR  FLOCO  WAVES . 

V y * % 

a.  Reference  lo  made  to  paragraphs  4-09  and  U-06  for  discus- 

sion of  the  hydraulic  features  associated  with  creation  of  major  flood 
waves  by  swans  of  broaching  of  MP8TE  Bflf  and  of  temporary  barriers  at 
UOBUMfA  and  DOISKO  flORCHE.  , 

b.  'BfoSehing  of  WWTE  OAM  Txjubi  ereate  artifioifli  riood  wavas* 
Raw  ever,  the  associated  damage  to  bridges  or  doss  would  probably  not  bo 
largo.  The  temporary  increased  rivor  stage  and  velocity  would  not  bo 
sufficiently  large  to  seriously  interfere  with  crasslng  operations,  ex- 
cept for  loss  than  20  tot  below  tho  dm.  %llc  little  ovsrbank  flooding 
would  be  eroatod,  velocities  in  thnt  reach  probably  could  bacons  swift  ' 
anoo#>  to  hinder  bridging  operations. 

* 

e.  Broaching  of  MD6TS  DAM  or  of  other  hydro-electric  struc- 

tures TMUld  seriously  disrupt  the  electrical  power  supply  of  lngwrtwit 
industrial  and  urban  aroas  such  as  the  JESHfICE  stodl  -mills-,'  - - 
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d.  Broaching  of  a tam>  usury  dsn  or  barrier  on  tho  LJUBLJANA 
River  oould  croc  to  artificial  flood  naves  that  wool d interfere  '.1th 
strom  crossing  operations  and  endanger  oquipego  and  floetlng  bridges 
along  tho  SAVA- River  nearly  to  ZAGREB.  Insufficient  data  ant  available 
regarding  structural  features  of  existing  bridges  and  dams  to  permit 
estimate  of  the  degree  of  destruction.  The  flood  wave  would  reduce 
traff inability  over  the  oxtensi  vn  flat  arose  alorg  tho  lowar  roaches  of 
the  SAVA  River  d/mrnstrom  of  .ZAGREB.  !/  ■ •• 

c.  Broaching  of  a high  tasporejy  barrier  across  the  SAVA 
RlvOr  soar  the?  upstream  entrono  to  tho  DOISKO  00R0E  would  produco  artlm 
ficial  flood  w? vres  of  owsldornbl©  offootivchosa.  The  resulting  stages 
and  velocities  would  be  extremely  hi#  in  the  gorge  and  would  probably . 
destroy  or  drnnego  existing  bridges  and  seriously  interfere  tlih  any 
crossing  operations  and  possibly  hinder  roil  and  hl#wcy  traffic 
through  the  75  tm  long  gorge*  Belts/  ZAGREB,  ovcitoank  flooding  would 
be  extensive  (if  levees  are  also  broached)  and  traffleability  would  " 
be  reduced.  Breetton  of  a hi#  barrier  night  be  difficult.  Alee, 
prenhturo  failure  or  dostraeticn  of  the  temporary  bailor  might  occur,  * 
releasing  a flood  wavo  earlier  tbm  desirable. 

f . Breaching  of  levees  and  destruction  uf  drainage  f&ollli- 
ties  might  be  nocossary  in  stmo  cases  In  order  to  fully  exploit  tho 
mxin'Mm  possible  effoetivonoss  of  artificial  flood  wavos. 

g.  Military  support  of  tho  permanent  or  temporary  dam 
installations  would  bo  nocossary  to  prevent  their  destruction  by  entry 
air  or  ground  action.  Such  destruction  \rould  prem turcly  release  flood 
waves  that  could  hinder  action  by  our  furcos  bole**  tho  structure. 
Deliberate  demolition  of  dams  or  barriers  would  prevent  their  use  ty  tho 
enemy  in  producing  detrimental  major  flood  waves  or  flow  variations  dur- 
ing a later  critical  period. 

5-06  SPFSCT  OF  FLCW  VARIATIONS  • 

a.  Reference  is  undo  to  paragraphs  4-04  and  4-0&  for  dissua- 
sion of  tho  possible  detrimental  flow  variations  thet  oould  be  croated 
m tho  SAVA  River  by  moans  of  regulated  discharge  from  10BTE  DAM.  The 
■ro*) ltinti  flat;.  oanditi ana  are  sumarisod  In  Table  7. 

b.  Release  of  water  from  tho  outlets  of  MOStE  DAM  or  of  other 
tydro—olcctric  projects  rould  produco  firm  variations  in  tho  SAVA  Rlvor 
doms tro-m  of  the  structures.  The  myiltulc  would  not  bo  large  enough 
to  interfere  seriously  with  military  operoti  jns  • Hanover,  the  increased 
stage  and  velocity  would  inoonvmlenoe  floating  bridging  or  crossing 
operations,  especially  if  cyclic  releases  aro  effected, 

e.  Water  sLred  in  the  rosenoirs  of  M0S"fE  DAM  and  other 
hydroelectric  projects  could  be.  released  to  provide  a supplementary 
supply  of  water  for  still-rotor  barriers  previously  diseussod  In  para- 
graphs  4-04  and  5-04.  Similar  use  might  bo  undo  of  B0KXXJ5KD  IBOSKf  and 
LARS  BfcSD  store  go,  as  doseribod^to^orog^aph  4-05. 
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a Destruction  of  the  outlet#  And  nnehinery  of 
oloctrtc  d*U  r^T.cri™a»  disrupt  the 
mm  •**  *11,  and  other  MM****  «*> 
the  out  lots  and  destruction  of  the  rogulatinc  om  « 

thet  resorrolrs  tiquld  teve  & siRdlar  effect. 

>-C7  OFP3CTS  HEL/.TEB  TO  OTHER  BAS35i3 , 

. ..  irtlflclol  »!  ■*** 

•iK3£Vrt5u?-  *K  mVA  » rrd  r rcr.  of  tho  NORTH 
ITALIAN  PLAIN  currently  being  undertaken  by  this  office. 

i . b.  Retortion  of  water  In  the  reservoirs  of  the  SAW*  Ri^r 

Basin  during  drought  pc^da  couW  r onpa- 
River  a*  in  the  ISDN  *P  ronch  of  the  W«»  to c*£t  on 

cities  of  tho  existing  reservoirs  are  i^umcient  ^ TOieru 

appreciable  effect.  Hoover,  upon  ^^feStKeness  of 

'v5rs  in  thla  basin,  as  described  in  Exhibit  ft,  u»  exid.eia.Yu.  *, 

suoh  operations  rrould  be  increased. 
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•5 tody  of  .tho  Rivw*  ««va>*  Allied  FoAo  H&adquartors,‘ 
Octctooivl944j  s£^  ^ rs  T ••  !-i  # 'E 

National  tSt.tolll^or^r Surrey . (fclS-  21)  Tugodlavia, 
Section  33,  Inland  Waterways  .• § Central  Intelligence 
AgmcjTj  Wash  in etcn,f  D.  C..  July  1951%  I , 

Middle  Dcnubo  Aroa,  Waterways,*  Z . r.D  i/ti/yZB* 
Inter-Service  Top.jgrapW.cal  Department,  June  194/.. 

. : . • ; -T  j 

•Prelirainery:  Hop- «*t,  Strategic  rh  gin  coring  Study  Ho.  82, 
Yugo«lAvia-Vol.  .2,  Terrain  Intelligence.*  Prepared  by 
Soctiun  of  Military  Ocolofy,  U^S.  CflO logical  Survey; 
pufclis}«c4  by  Irti?  licence  Branch,  Office,  Chiof  of 
Bnginccra,  August  1943. 

- , . * ,*  ••*>'  * , • ■ * 

•Jugoslavia,  Vol.  I -III,*  B.R.  493,  Geographic  Handbook* 
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Juzom*  (Stage  variations  in  Sohinjsko  and  Bled 
Lakes)  by  Rajko  Gradnik  c ontained  in  •Goograf ski 
Vestnik-Casopis  z\  Gaografijo  in  3orod.no  7cde* 

( Review  f the  Geographical  3 >cioty  of  Ljubljana), 
edited  by  'baton  Melik,  University  of  Ljubljana, 
Xugislavia,  ..nnual  Publication  1917-1919,  1945-194" 

•Military  Hydrology  R^p  rt  on  the  Rhino  River  (Pro Jr 
LVinodrup’ )•  Hydr  j! -gy  and  Hydraulics  Branch,  Sngi 
ing  Divi3i  'n,  Offic'.  f Chief  if  Engineers,  Washlr 
D.  G.,  ID  Jtily  1951. 

•Engineering  Toots  ,£  V-L  Floating  Bridge  Equipment, 
Report  1135,  Project  8-67-07-008,  Engineering  PAD 
Engineer  Con  tar,  Ft.  3ilwir,  Va.,  5 ..ugust  1949. 


CCCURit  Y mtORMAHON 


f£!MCttl£DGa©:TS 


This  rep  >rt  us, 3 prop?r c*d  by  F.  3.  Barkalow 
and  J.  3*  Bremer  under  the  supervision  *£  R.  L..  Ir.rin , 
Chief,  ’ -littery  Hydn-log/  P-1D  Branch,  uith  the  techni- 
cal assistance  of  B.  G.  Baker,  V.  Bnttani,  H.  Buchler, 
J.  J.  Herring,  and  0.  Yf.  Xabclac.  Typing  and  stencil- 
ing uds  dine  by  !4rc,  K.  J.  Leonard  and  reproduction 
vrorh  hr.'  personnel  >f  the  Washington  District  Office, 

C .rps  if  Bn  gin  cars.  Certain  technical  assistance  vms 
furnished  by  vari  us  personnel  -*f  the  Office,  Chief 
of  Svlncors. 


C-m  side  ruble  assistance  in  locating  and  collecting 
o'.urco  mt  .rialuas  provided  by  personnel  of  the  follnr- 
ing  agencies:  the  D ,c irrsen t arid  Bo tk  Sections,  Army  ,/ap 
oervtce  Library;  the  Eastern  Europe  and  UBSR  Branch  and 
the  Liais'r.  Section,  Engineer  Strategic  Intelligence 
Division,  .any  Map  Service;  the  Photo  Coverage  Branch, 
Technical  Intelligence  Division  and  the  Intelli- 
gence Bivisi-n,  Amy  Map  Service;  the  Military  Geo  log/ 
Branch,  U.  3.  Gc  ^logical  Survey;  the  Industrial  Regis- 
ter, Contra!  Intelligence  Agency;  tho  U.  S.  "feather 
Bureau  Library;  the  Department  f -igriculturo  Library; 
the  Library  of  Congress;  and  the  Library  of  the 
Washington  District,  C rps  <f  Engine  era. 


TABLE  I 

3HJXV;.La?T  3MGU5H-METRIC  TSHfrS 


Th  reduce  A 

to  B.  multiply  A by  ?•  To  reduce  1 t» 

A.  multiply  B by  ( 

Unit  JL 

Factor  F Factor  G 

Unit  B 

L5H0TH 


Files 

1.60935 

.62137 

Kil*>metors 

Meters 

3.2808 

.30430 

Feet 

Motors 

39*370 

•02 5400 

Inches 

ABEL 

Square  Miles 

2.590 

.3861 

Square  Kilometer 

Squf.ro  Files 

259.000 

.0038610 

Hectares 

Hectares 

2.47104 

.40469 

Acres 

Acres 

4046.9 

.00024710 

Square  Meters 

VOLUME 

Cubic  Meters 

35.3145 

.028317 

Cubic  Foot 

Cubic  Foot 

28.317 

•035314 

Li  tors 

Acro-foet 

43560* 

.000022957 

Cubic  Foot 

Acro-foot 

1233.5 

.00081071 

Cubic  Meters 

DISCHARGE 

Cubic  foot  pear  second 

1.9335 

.50417 

Aero-feet  per  24 

Cubic  motors  per  soc.nd  35*3145 

.028317 

Cubic-foot  per  i 

masm 

Kilos  per  h -ur 

1.60935 

‘ .62137 

Kilometers  per  l 

Kilos  per  hour 

1.4667 

.68182. 

Foot  per  second 

Motors  per  ascend. 

3.2808 

.30430 

Feet  per  second 

Meters  par  socjnd 

2.2369 

.44704 

Miles  per  hour 

Voters  par  accord 

3.6CO 

.2778 

Kilometers1  per  1 

fact  par  seond 

1.097 

• . . rrjTniii 

.9113 

kilometers  per  1 

Ton*  (metric) 

1.102 

.9072 

Tons  (sh  rt) 

Tons  (1 tmg) 

1.016 

.9342 

Tons  (metric) 

Tons  (metric  ) 

2205. 

.0004536 

Pounds  (avoirdu 

Tons  (metric) 

1000. 

,001 

KilofprtBTjs 

1 


I 

f 

) 


| , o 

•:  ' . © ' ^ 

.. .. -s-;-- 

{ o-1  *4 

•;,  ■•  jo,  '*■ 

©. 

|w  « 

;-  ' -yv . 

f-ln 

•4^:  - 

' .-- 
...V'  - 

VVi  -.'fi  'v 

"l-  * '■ 

vO  v% 
tN-  © - 

cm  ex- 


•o  . <; 

- © m 

pviM 
HC; 
■?  i“€ 

fc.  ■■ 

n >: 
A © 
ft?;** 


©a 


r 

v’:,r  :#i 

* ,'  *• 

. -<*-•  ' 

* 

•cfe- 

SO  . 

• ,;c?:  Sf- 

. ^ ■ 

: - © O 

w;  o 

r+ 

■ v\ 

o v*%-,  ■ 

- o CN 

hn 

VO- 

sr-f; 

■ r~C  -, 

■rri  O . 

■ €0- 

COSO 

■ ;CO  ■- 

©. ' - -n. 

.© 

so;  ■ 

rye* 

CM  '•  -5: 

Hr 

• t\J 

0#  ^ - 

oj 

r,H 

■ V\ 

3 1 <n 

SO 

so  ., 

no  in 

£> 

•f?v 


CM 


© 

o -• 

©ES0 

'H 

MSSO 

\0 

tv- 

-'HI  ' ■ 

• M, 

„ Os-,  tn 

(H- 

H.CM... 

© 

Cs  W 

© 

© . 

srj 

, O; 

.O  t-*s 

O'. 

O' 

Ot  c?t 

©V 

SO  ov 

Os  t 

'OS 

■ CD 

■ ' Ov 

H 

H 

-»~S-  r-t  ; 

,r4 

■H  H 

. • Ml- 

■Hf-v 

M 

r -M  M 

o 

O i* 

^5<-  . 

> 

■ y :>- 

© 

P5 

SS 

^ . 

8$ 

& 

- o 
o 

- '3--  - 

.<&  e - 
' . »»  . 

©- 

: © 

© O 

its,  . 

' © o ' 

' o 

JO 

so 

-a-  ' 

•'■-so 

M p\ 

r*4 

r-i  sn 

ri 

cm  cn 

-4SS 

H- 

. H 

.CM  (0  „ 

jrH-  ■ aSkCV 
© . mien 

-Or--.;  COf  • 

i~i  - ■ Hit  8 


•StS-  SOI 


' . "H 

: - 

■ 

© 

■ in . 

SPv 

o 

©■ 

o 

o 

. , 

M-  i> 

'O' 

0r 

CM 

^rv- 

CM  • 

,«v 

CM 

MS 

SO 

to 

’ i 

cn  « 

- 

o-  - 

Cs- 

CO 

M 

M 

M 

CM. 

CM 

CM 

cc 

■ 

-ns  * 

-(IS 

© ' 

cK  . •. 

:^ 

4 

* jA  ’ 

<A 

« 

© 

iA 

- «n 

- -.  -a 

- •*n#. 

: 'MH 

•«v- 

cs? 

■ £s- 

in 

tv 

.i  . 

- . 

■ . ie 

' M 

• H 

-,-H 

, H 

K ” , - . 

a 

«g 

' ■:  -'ey  - 

• cn 

a 

%0< 

CM 

:o 

o 

g% 

c-f 

SO 

SO 

-H' 

* 

s 

Hi 

4- 

; * ' M ; 

'-. 

•SO 

CM 

} 

cn 

■f : > 

or\ 

06 

-CO- 

-M? 

© 

H. 

.tv 

JT'  - S 

'.  <V 

‘-  CM 

VI 

SCO 

CM 

P- 

«0 

CO 

- M 

H 

<S) 

. © 

rM 

(M 

© 

H 

•© 

© 

o 

© 

HI 

- M. 

H 

, 

o* 

OS 

Of 

CTk 

O* 

o <*  . 

<7« 

Os 

-CN 

Os 

Os 

t 

, M 

-,H-  . 

.rri- 

M 

M 

H 

—4 

M 

H 

jM- 

H 

•' 

s 

t 

*- 

* 

I 

J 

1 

» 

* 

f 

» 

1 

5> 

CPs 

O' 

O- 

ers 

Os 

JO 

OH 

CM 

CM 

C?v 

. A* 

i ' y» 

© 

o 

os 

o 

Os 

-Cs 

O 

o 

. o> 

■O' 

Os  , 

CSS 

Os 

a* 

06 

to 

CO 

«> 

O' 

o 

* 

E ' 

,j 

H 

ft 

M 

H4 

M 

M 

M 

H 

M 

-i 

M 

H 

o 

",  - - 

J3  * - 

2 * 

K C . 

5 * at  -shci  ■ 
&.*3 
f«-  C 

a?  o 

MK.-:'-SS 

tS-  A - 
o u 
H ■©  , 
o u 


a: : 

.-© 

ftC 


« J 

» J 

I 


ce 

O 

u. 


& 

,ee 


N o 

x ui 
4© 


CM' 

ca  «> 

osp- 


pi  -C-,  ! 

o'  tnf 

O'Ovi 

'V'l*  f 

«>£C  : 


- O*  C 

1 • : co 

I 

l n 

v\ 

O 

H 

«n 

H 

#r4 

CM 

CM 

(V 

i%'^. 

■ *H 

H 

CM 

<V 

p-c 

*«*»• 

* 

a 

a- 

a- 

<n 


© sop 
rs  CM  CM 

t i i 

. t 


cs 

as 

a? 


-O 
-»  ' 

W- 

w\ 

Hf 

* 


- •* 

& CM 
v\«v 
JO  o 
H •«■+ 

. A-^ 

is  a 


OH 


.Os  . 
■ ©- 


3 

nf- 

.fr- 

• O 

MB’ 

ift 

a> 

CM 


CM  H 
t-< est 

» I 


"■<&*’*'  - 

m 

-ri.  CM 
. tn 
> Os 

..OfH 

Pi 

I3' 

•HT' 


Cft  P i 

o «§ 

so  w| 

-.<*%•  CMl 
CM  I 


H 


V"i 

cn 

© 

_ ft- 
M5: 

HM  CM 

cv 

p- 

*p 

O H* 

'CM 

. ' •*  ■ 

tv  . - 
cm  a : 

.] 

CO 

-M; 

Fs 

fn 

hM  H-i 

ncs 
cm.  rJ 

H 
rt- 
cm:  . 

«n  *n 

•ri  H 

•P 

sy 

r~i 

$$ 

a 

fipft 

cn 

tn- 

- cn- 

so- 

cn 

CMr 

tn 

© -.  . 

Cv 

CM 

P 

^ " ’ ' 

: «ft 

CM 

ys 

P 

ftn  , 

-in 

p. 

- 'SO' 

S0 

m 

pPn 

CM 

CM 

<Mr- 

CM 

CM 

r-« 

HlC 

: ta  i 

* -£*S5*<!»f  ;Vk&  - 

- S 'V ■ f**» 

Og 

£g»:<g 


:j[;f 

•iv 


w\ 

p-  . 

tv  • 

- ©-- 

M>;- 

JM 

*£\ 

© 

p>- 

gv 

-fv 

^*r' 

■ Fv 

.-.  ,gv 
■ ■ -pn 

3 

cn 

-yv,.- 
■ p# 

- ?*• 
Im 

SO- 

JM 

Pi 

SM 

■*, 


■ t 
. «■ 

i 

* 

t 

$ 


a* 


sn 


fM 


MS- 

H- 

g 


S'  i£v 


-P-  ' 

®-  ' 

■ P ■ ' - :' 

S3 

fis- 

* 

ftfe 

■Ss 

- t*s 

-He* 

a 

CM 

CM 

© - 

CV- 

Vi 

M>  . 

CM  - - 

«* 

c3-  - 

CM 

•n 

' "sik  - 

- VM  ■■ 

• (js*. 

P*  . 

: ii- 

.-  - 

a 

s» 

isifei  . 

vsa  - 

C©.;  •'•  sO  ••"'! 'iCPjK 


■S4# 
XT%  ' 


%«% 

S# 

.dsW-S 

*54 


,-=Sft 
-AS-  ■ 

vW- 


SE%;. 

,;m  j$&: 


•■  cn 

PM 


-j«y 


;.g  ■* 
-In  *#' 

«#  --  ' -P 


;.« - «v, 

rC»  S& 


A & 

fie  :»i 


. ;v 
.<r<  V'i 


'^Sfi 

- 

• 4n 

Spir 


•f!  . V", 


■tin  - 

. 

P«. 


f &#- . 


' -J.. 

-t  v-4  - 


j3»  #S 

• . •^b-  -r4>  J3?. 

‘<Sr.  '■■  S*  -,';f<«ir 


,,1. . . . 

i (.; 


U;  ...ini. 


j if  n ! i: 

.!...  i.  . 1 ,-..  t-  ' 


Oi 
• *j 
<-*  ft 
,a  Afe 
•M  :« 
e»Pf. 


.1 


i - 


security  information 


& % *- 

*3  ,© 
«>  O £5: 


w jf'S 
gfftf 

*•«  u 

'**  it*i 

& ' . w 
**.  jU  *3 

-*  <>  • *5 

" 8& 

*}*  St 

*>  *V« 

3 -2  8: 


«s  "«i  *8 

|a»i 

*fi!j 

5?-'  ;f*4  Sf  $ 

5 <$ 

, V4  • 

>3  O ^3  O jet 
C 4*  ./J  4». 

1 a a P ri‘ 

« ? l **■ 

♦*  c *!  a 

H « •«  § a 

* n 2 10  & 

6 a ir| « 

Z § IB*' 

S & £ S ■& 


M 3 o ^ i 
**  3'  ■ sS  * } 

o o w ,g  ;S  * i 

*3  >».&**•  o | 

,‘i-t  rtjfl.  « m { 

S 3 S ' 5 i $ I 

■*»  « . r*  ■ :» 


•'•’  •»  .5  5 I 

.§  ;2  ^ ' 5 $ I ■ 
•*»  o r*  , j • 

« . o 4*  *t  I 

3 » a 

a 

Q H « • * 1 

S8*  8. 

— »-»■-• 


*-4  ' 

frl  a 

f-3 

a _ 3.  u 

8 5.8  ¥ 

I 

*4.  $ ES  « 


*!  JO.  ^- 

^ 5 tv 


fils  ; 

,o  a £ ”3-  ', 

££•  O *3'  J5, 


•;  y -.a 
-f  g 
£8  *i 


^ * * Tr^ 

* *»•  a * ■ *: 

. a , a^-a 
•2  ^ -5  <i.S,  3 
: 3 *rt  8 h. 

• 8*- 


.tO«3JaRa- 


qv**a 


a 4 n 


. t ‘ 


«*  * ,< 


. * 

.}  \- 


S*1 


* '*  » 

•£  Si  • ® s * 

| g | &«%  |g  •- 

r*  S*3"'  ' 2f  Stt.  « fl  * ' 

ail  ■«:*  | 

jZ’sBnz 

^ P>.  m i ti  ii  ^ 8 s:  '• 


1. 

| J* 

I 3* 


•9K  t»UWf; 


pP#aMA 


. ki 


TABLE  5 

/ of\/6  s 


m-ifv*'  n.  j i2^£»k*sX£ 


31 


I 


Si 


>*' 


j3 


v» 

«#■« 

to 


jb*  •* 

O U 
O » -* 
Z to 


. r.  5 2 ' 

*asa 


J' 


*n 

or 


r-*  vr\ 
0/ 


-fl 

V.  • 

- s 


O 

-J- 


*0 


*t? 

— < 

£ 


o 

£ 


g 


« O 
© .0 
*s  ** 

It? 


&► 

H 


8 


h 

U « 


^3  S 

M «*  <0  *t 


'S 

» *>  y 

**  **  *■* 
u *.*  **i 
-i  •>  & - 
* - =1  f 


**■> 

* 

or  *v 

*r 


$1 


>*% 


to  **v 


4 

M 

T 


<1 


V 

3 * 

^ j? 
«r  r. 


L 

-t? 


*=?•  sw 

3n 


.V* 


t: iC 
ii?5 

r?  **•< 


' $ 
w r£<j 

#!.  O |h. 

*4  B 


,♦'  tC 


s RESTRICT 

SECURITY  INIQU) 


k 


T^3L£  S 
G of  /G 


I **** 


5 

6 


o 

a 


o 

& 

« 


cv 

v*** 


t. 


t 

* t 


1 


*»  *•> 
r -3 


4 v, 

si  2 


V 

««d 

<3 

^ • 
— < •■ 
S3  ►» 
4*  *“ 


d * 


-*  z i 

T»  il  J 


r3  iHi 

H - 2 ^ 

R i q 5 


« # -4 

•3  - ^ 


• J I,  <rt 

6 ; ? 

-t  ; : 


j / 


- o 

D*  *H 


Vl-Jur;  | 

i 

i 

?*<* 


72 


**i 

P 


U 

>* 

4 

*» 

*+ 

% 


V* 

O 

5 

fs 


..  *3  2 

* a s a ! 


X3 

•> 

=XJ  - 


; 


i 


& 

<h> 


h 


2 

> 

<s 

h 


•d  il  ^ i 

2:  d <v 


o 

s 


a 

.4 
M 5 


-« 

X 

u y\ 
Ck  2V 


a 

•tf 


ft 

% h t 

% ' ^ 

if  -a 

K 


& 5 », 
A 2 :i 

■w  **  >w 

*5  3 Ai 


*3 

1 


1 

f. 

S 

fe 

a 

4 


i , 


t?  p 

M *1 


a OjH[ 

fsi 


2. 

X 


n 

4i  « 

« % 

a* 

*3 


’«■  T»1»t 


3 

it 

5< 

fc2 


y 


S' 

«u 

f'V 


SR 


n 

s« 

*»* 

*2 


O' 

?g 

o (8 
<-a  <n 


rj  o 

M O 

fc4 


R 


SECyfilTV  JfttfQff/jufflON 


7ZABLE  5 
//  of  /6 


r-j 

4 


T 

4 & 

: 

5 % 

a $ 


i <i 

g -cf  % 
-5#  > 

£4  * rfi 


- - 4 

icoxxng  * 
j 


- ^ 

•p*  p> 

$t 

«*  o 

n r*. 


H 

• 3 

*0 

Si 


a 

I 

& 

0 

*► 


..  i 

!I 

£ *t 


tv 

U J2 

3/S 


1 


i 

i 

f 

» 


qjtloG 


‘"f 


s! 

M 


^ *S  3 
3.  5 S 2 


-C 

*»  V* 

XJ  O 'C 

£ 


v> 


- 8 . 

u~l  >-1  > 

£ 


S: 


8 


f 

0 

. -A-., 

• 

• 

1 

’*> 

. 2 

**♦  jj«5 

to 

• 0 • 

5 

• 

a 

S£3 

{ sl 

?5 

* -* 

* 

J5: 

u 

h 


.1 

ii 

« 


Jt 

n 

1 


13 

,J 


h J i? 

L a u 

0 f,  t.  *>  *** 

*«  3 r*  a 

»*•£/»  3 

M Jt  J*T'  •• 


a£ 

•g  s 

y 3 

?s  “ 


AS 

$*•  ^ 
*>  O 

W «KT 


I 


5s. 

«* 


A 


a 

rl 

a 


P 


. o 

1 t*~  - 


K S % 

ft  <-*  •» 
^ *> 

**>«  *i 

&2 


0 


-»  f* 

• o o 

•&  :3 

0$  **  ‘If 

S*f 
IS1I 


9 

*£ 

S 

*** 


£>'  ^ 

t 4 

r.  *} 

*«<nf 

n> 

•*  r> 
*"v 


M 

*0 

« 

& 


J) 

S 


pyf 

•*3  **£ 
,1> 
>*»  f“*1 


7X3LE  5 
/Z  of  /6 


SECOfrtTY  lftr ORMATIOW 


r*3L£  f 
/«*  Of  /€ 


Prt&ar^  by  c-2,  Ot  (T)  AFH.Q  Sept  44 


AyC-2,  0A(T).AF.H.0.  Stmi4&  Sortie  HA  SOS  JOJS-fo 
_ 1 

*■>  — • — S 0*r-.  ft.14  It 44 


«V 


vs 

p- 

ss. 

>• 

% 

F 

r 

■< 

2? 
**-  * 

>4 

►h 

U* 

m 

O 

w 

C* 

a 

** 

«t 

2« 

0 
«■ 

r< 

a 

1 


3C 

Jg 

<C  < 

f-  3E 

. cr 

*—  O 

UJ 

O 5 


r-  , IK 

O a 

o 

iu 

m 


O 


■►'■a. 


it  %k 

t *.  ■ -»«; « 

r*  ' 

i. ,,  „ 

is* 

j -i  **  , r , 

■{U  JBfo] 

i ► A 
> -■* 

i 


5 ;Nt 


FtS  *■  •<! 

, 5 « if] 
ir"  3 c*i 


v> 


§ 

•*> 

* 

*> 

O 

v» 


* 

*fi  t#: 

* -r* 

§■*  U 

- c. 
K> 


r 


r, 

j! 


8 

S?M 


*4! 


vv 

'£) 


O 

Cfv 

<M 


U 

58 


•rt 

« 

■n 

» 

J* 

.4 

a 

3 


sr 


*w*f 


H 

V* 

■S3. 

•t? 

O - 

• o 

•• 

o 

u. 

H 

H 

v< 

O . 

o 

• 

8s 

** 

O 

4K 

tv 

aj4 

H 

fit  - 

•c 

i 

* 

1H- 

O 

o 

«4 

• 

V* 

s 

p 

2 

C 

y 

gv>‘ 

a 

C- 

H 

u 

n 

4* 

%> 

K 

► 

o- 

Ov 

O 

VS 

— ^! 

4B 

04 

» 

cy 

JU 

*4 


tfrf 

Zl 

o 

s 

& 

c5 

a! 

b*. 

»-< 

>■ 


O 


8 


o fl 

1:2 

c >d 

wt 

a « ° *f 

. ai  s 

14  m *»■  ^ 

*’  r\  ih  vs 

n 


a 

•"* 


S» 

W 


s 

je. 


3 <•»  j§  5 


Cs» 

4 

tv  -•'''  -3 

o 

■» 

CK 

C- 

f’v  ij- 

•a 

d 

o 

o 

c o 

o 

art 

x> 

vn 

*2v 

A4 

ov  cy 

N 

act 

f* 

r* 

«>»  "T* 

tv 

■■a 

" 

^0 

v 

vi>  <v 

tv 

(f*4 

Hf 

*-* 

Hi  1 

. 

H 

**> 

>• ' 

>► 

H 

i-4  ■ 

*-* 

M: 

*** 

H- 

1 

1 

1 

t 

1 

j 

J 

« 

1 

H 

•H- 

H 

H 

© 

fir- 

■ H 

H 

HI 

H 

3-J?n 


e% 

<*%  C*  tv 

1 

8 

tpt 

tr> 

» 

•»  tv 

«v  J 

•tv 

v-- 


O rj 


O-  o 

U4 


C tj 

G 

'cvi 

-l’-* 

n4 1'w 
*dj 

* 


j * H 

! ! j«  j ] 

| i— 4 

j ,H  0 O{ 

MS*  F 


| *•> 

{Ui 

I I 

1 1*  © I 

I -g  ij?  -CS  J 

J • *»  g >~ 

i'a,  h *&  kO 

t &'  ifr  *c<  1 — '( 

I *»/  II*  **  l 


IS*' 


>•  * ! 

• o I 

!^-S 

, . *1 


'*  «J«  * 
* p*i  > 

, < * 


■t  >iu 

p • s*N> 

■At  Hi  »iw 

' m el  ■ : 


3E 
mmJ  Q 

fr_  2 

Zoc 
O 
Ui  £ 
02 

ET> 


. > 

i*  v|* 

, • sal**. 


gg 


til 


1 

► 

• 

e 

r-f 

1 

«# 

• 

*> 

1 

4P 

4* 

J4  ; 

<fe 


a . *- 


J*’  t*  o 
* C V- 


**■  • ♦* 

| V 

"H!  r4 

>**•  41 

• V o 

• ‘ # *» 


lii  W 

9- 


« 

r*  • « 


pT  QC 

O Z3 


( *5* 


rsm 


*f  C 

S t>  n 
O -<  W 
^ l.  8 

^ -o  o 
a o 
► v< 

rif 

K Cft 
O tl 
TJ  -f  C 
C 4*  O 


V c 
C -d  -< 

a *4  v* 

•4  t<  C 

**•  jo  © 

•°  * 
O tJ 


03 

CO 


12§ 


r-f  OJ 


■*?  © 

« <H 

O 


if 

rt 

£» 

© o% 

* as: 


3 

«■  fee 

3 |5 

*■*  .8S,' 

• , air 

a a ° w 

- »*f  3 


O M 

*« 

« A 


C -a 

«>  9M  » - 


s ® « 


W * '**  It  +*. 

*3B  » *»  jt 

g * 


«*S  3«§  * 


*>  ' 5 


fv  O 

S?  3 

Cf  o- 

l‘  ^ 


f 8 * 

t ■ $ . *t 


*■£  ** 
*«*  ■ »-» 

t - t 


,*»  . *>* 
’*  • •* 


**  ■ m 

*4*'  M 


»Hf  HI 


*4-  M 


-m  />  - 

S o . 

S'*# 

%*2 

•sa^ 

* Vi 

-*»  • 

• 'Vt  *“ 

> • 

— *~*o 

-44-  ♦* 


- o T* 
« •■ 
» gj.  _*■  C 

* iri 

t Q 'Vt 

■ V,  e c 
' o g« 
;.  .,  o 

© -v 


c w 

© V 
* <5  •» 

3 0 t 
©•»-»*' 
XT  C V 


t>  — %jf 
B.  O C 


r ft  o c 

'■  *f  jC;  «« 

, -tf>  o c 

»— ? ♦*'  o 

l^v  jr*4 s 

kj  5*. 


■**  8 c 

w J5  © 

I * * 
<-»  H M 

4^4 


r5 


^ % 

ts>  m 


m 


•*  m 

.#.  & 


% 5 

at 

**-  * 

Vf 

cr  O 

"*4' 

s ^ 

^ fc 

P%  • j£ 
r~i  MS  *? 

P 4 

•d  r;  a> 

8 0 .> 

t5  48 
V,H  W 

if  o -f< 

— 43:  u 
« 

© -4*  £}: 
C # O 


0 

Ci 

v\ 

VO 

’-»3 

f\ 

J 

t 

1 

vJt1 

O' 

0 

•cv 

O 

c 

w 

try 

vO 

t 

t 

O 

V\ 

i 

i> 

0 

*> 

t*. 

4) 

u 

u 

I 

s 

s 

3k 

u 

u 

O 

0 

c< 

i^-v 

ir4 

confidential 

SECURITY  INFORM AtiriN  f£Bt*  7 

tUN  SIWBY  OF  HFFJS TS  OF  ARTIFICIAL.  FLOOD  V4Y»S  AND  FLOW  TAJ! UT IONS 


I 


Ml  I 


n#J  W a.  o 

• .*-  ?•  ■•'*• 

cSl  ^ 

4 4 os-  o rt- 

1 • ,-*■-  --•-  . - 

,CV  «V  rt  <V  rt 

W«o  cv  o 4 ' 
•-  • *-  • - 
CSl  fs|  fsi  c*  r< 

V ^ * ' 

>r><jv  o ^ ( 
■•'  • *■?%.• 

. tV 

’ «••"  K •-  • 

■ <j  . r - 

'4  4'o  o 

1 . » . f !•»  . • 

tv  CV  tv  CV 

- 1 * 

: ’ _ •-'■n 

u 

S 

V >**... 

, * 

1-  n« 

■J 

N • 1 

V3  WiN'tS  SO 
• -•',  • a v 

•rt-  rt-  rt-  rt'  iO 

'£fAMO«' 

9 • • •.-•■■  «•  - 

r4-  Hr  :HL  O 

ssO  *\cv€C  go' 

9 . • • ••  .•  • 

‘r4,  *-4.  - W:  <Hf'  O- 

-C  Wis-ov  UO' 

1 : • •-  '•-  V 

•r*i  fr<-  H(  o 

'/So  W.CStD  ■ 

rt  rt  r-4  rt 

• WO  0-0; -At 
O O W rt  rt 
rt  rt  rt  CV 


. lowe  v) 

I « rt  >o  rtrt' 
•>  rt  rt  rt.  (St 


O W W O O 
i wwso  ej  (\j j 
rt  rt  rt ci 


: Wo  O a W 
I © <H»0  -M  rt' 
rt  rt  rt  (V 


WO  O o \ 

I CD  CV  >C  rt  » 
rt  rt  H ( 


I A O wo  o 

C^  N AO  rt i 

H -rt  W 


AO  Wo  O' 

I WWW  O H 

rt  rt  CV 


WO  WO  O 
i www  o'  rt 
• rt  rt  CV 


. WO  wo  o 
I NNA6A 
h >-»Wr 


wo  wo 

I W W w o 


4 4 m 4 

M £ & ja 


14411 

4 4 4 

a jo  A 


iim 

A J>  * 


. m • « o sr  4 
rt  rt  rt  *«  •«* 

5 i 55  5 

2!*  "H  ^ -4$' 

^ 5r  *,*r  % 


.4  -s  I 

rt  5rt 


A m a .«.  c 


1 1 53 13%  » ^ •■2:55 

SSlS5-  ■'  55555 


**■  ■•*  5?  v*  ♦*  . 

rt  rt  -rt:  rt  ~rt 

> * 5*  » ,*» 


« * • m m 

mil 

■ft.  ft  a-  -ft.  ft 

sms 


M M £ M 

is  II  s 


. «*.  -c  m c . a 

"31313! 


» > » at  a* 


rt  rt  -H  rt 
» 2*  * St  * 


NACVfJ  W 

I • ••♦■'• 

MhWAA 


O V©  St,  4- 

I • • » • • 

AH  W o r>. 


4 A4  VJ  0\ 

I ■*  • ■■•  • • 

cstv  www 


W c©  CV  4 

l '4-  • ♦ » ■■  • 

<V’rt  fV  WW 


’ „ O W on,  tv  no 

nwivnri 


<N  rvrvw  rv 

i •-»».«* 

O «3  O -O'  o 


O;  O 4 4 4 * 4 On  o-  o^ 


rlHO0O 


rt  rt  .H,:| O.  O 

si 


<Tn  On  ;4  4 At  O O-  WO-  Of 

*,  m,  ~ J * * I '•  '-»;  • • . 

- * O'  O O 9 O ■ rt  rt  O o o 


CMJ34WO 


o no  O’  co  e> 


N «3  ^ « W 


CV,  Cr  CV  rv  W 


*0-'0  ^ CO'  o 

r • • ,f  « » 

OJ  O ftl  « (S 


O -no-  O’  CO  o 1 o^ji  <n  o 
tv  o tv  «v  rt  tv  o tv  <v  ca 


Ro‘gR3^ 

w^^tvww 


Si  S ^ w o o -o 

w W rf  D'K  iAtOcO' 
WcAW  wwtv  Octn 


V < 

-•  'tvnrMA 


> ANCVAffl  I S V. 


o H n»  w On  ; 


W«0  «v*  o' W 


I « A» 


pcjr 

' >.  5 


V5  A(v»»  ! C 

-«a  w 'f-<  A o :S  &. 


o WWO  O 
<v  \p  <v  <V 


W p WO  o 
I Cn-  tv  w O rrf 
.,  <“4  •><  tv 


.m  m m m 

hui 


JO  A A;  A A 
ft  A *i  k m 


I «■}  *H  vf  «TN  »« 

5 55-  5 5 

S 'S'  S 5»  S- 


r\  ^ j 

>•-  .•  . . -■»  ] 

tA  tv  w w r\ 


~-J-  «V.  <|N  W {Nv. 

•'  • • ».  -■+' 

Art  O O O 


o vs  4-?  to-  o 

N p tv  <v  W I 


W Q O WO  W 
52  Weves  evw 
<SH  *V 


w o w o W w 

fv- No-no  w. 

W CV  sv  r-i  Hi- 


SsSSJg  §s»p§§  Ss=l 


w o wrw  o o 

5£  V>-  tfv?  tv  ht 

AWWHfV  r-t 


O w W.O  w o i 
s tf-mi 
A 4 tv  cv-  j 


.5>w p wo  p w wo  wo  o 
S3  4 W w wno  a>  4 W 

»?v  -iv  sV-  »v«(# 


WW  O w 


r<  tV  CV 


H W sO 


wo  o 

ao  j»-  w: 


r*  pt  r4 


w wo 

J-N-  Ww 


r~«  «V  fV 


SO  wo  o I 

S*»>: j»V  A| 

rtf  4 <V  i 


Vrt  rSWO  I 
► W rt  WO  1 
f 35  as  fNN  -tw 


tt?  W » t tv 


rt  -#S  rt 

4 « *v 


O %3£  rtt 


4-  4' :#»: 


r»»lDC- 

rt*  O 

Uig 

Q ac 

Cv-c 

2^8 


.**:jfcl'  * v\ MS'O %0 '%QrJC*-  %0  N NNN0  CN  O ri  *ri  CSMtt  nv\ 

4 ►,  (V  « NN  CVXV  C>  , '.  , HHHHrtrtri 


O OJ  HT  »T\  PJ,  ' © VY£V  CO  CV  vy\Ci  ONO'OVVa^ 

.hi  ry-d  vy  H«.f>-  4 d 3'  v>cv  Ov  ' ’ 5-4  cyry-d  © wy 


<nd  ‘d  -d  *y  © © h cv  K*  <v  rycnd  c 
" 8.  . «*£■ 


•o  ry  tr-  v,©-  a'  © 
fin^^nco 


itV'dO'  Vy 
tv  r*  ovtt 


2 < 

fei 

eg 

o s 


ON'Odd  so  4>  o <v  co  h %a  o a>  © tv  yv-co  cv  cv  © 

H i-i  .c?  ©«  Wrl'CO  ■*  H d1  ©■ 

rH 


© <V  Cv  H Vy©  OJ 
H 4 VyO 


SSOHO 

■H-d  ay  s’« 

l.r-v 


SS-Of 

0=3 

03 


<G  -t>  SO  0*  4 C- 

I 

tV  CV  4 0 4 © 


o CO  <0  03  03  VO 

• *.  » « ■ %-  • 
H H p .©  O © 


© G 4 O'*  OvV? 

I • •■  • * •'■  ■*. 

Ni  <V4  O C*  Q 


cv.  CO  SO  03  CD  VO 

»•*-*••- 

4 4 0 © O :• 


Cj  Cv  V\4  Cv 
| • ■£-*••  *.  • 
4i  <V  <V  4 r-i  ©■ 


fv  5)3  00  Cd  CO  O 

« * • « •%• 

WHOOO© 


4 « y»cv  OW3 

f *•»••« 

PJ  SJ  H O O O 


Cv  30  CC»4)V> 

( • »•*-•« 

«-<  h a o © a 


r\  l **» 

«•  vy  wyci'Si  t«2  - 
*<*••••  S'"* 
c Arsri  H o ;ri  . 

>•  i 4 - ’ - 

° 1 >v. 

1 ■*" 

I •*SJ 

Cv«4  CO  CO  G3- V3  ,$? 

* • ♦ * * -“"S 

H^0.©0  ©U 


S** 

* .H  . 
V fi 


o O o O O Vpv 
l Cv4  rv  © 4 aO 
4 4 CV  « "V-  M 
G- 
4 
«V 


V\OQSOO 

vrv  © h 

H H « rt >1  N 


o vov4o  y so 

I Vrlclv  <?vC? 


uiaoooo 
I vy©  t-v  vy  o-,  cjO 
HHNriHN 


oooooo 
I C30J  d d Hi  C' 
• CV  H CV  rv  y^cv 


vy  © © o © o 
vy  O H vy  cy  CO 

rtHWH  4 CV 


vy  o O O © vy 
i cv  r\  cv  co  © so 

H H PI  H.  CV  CV 


vy  © o © o © 
I vy  © h vy  ov  CD 

HrIWHVPI 


© -■§—  0 0 y 

C*v  1 © © 

©I  © © © © ' 
v vy]vy  vy  cv  ; 
v d |-4  cv  t 
► l©o  f. 

o 1 o cv  ! 

© (nw 


. vy  ©jo  oO  O j 
I vy  :©  1h  VN  a>-  CO  4 
H *-*  ijtv  H h yj.  t 


H H H.  rl 

HI  t~i  r~i 
P ?J  ? 3 

15«a 

4 » t*  * 

ft!  (S3  3-t  « 


*1 « 1 1 
»*  4 4 n li  .r-i 
/>  4 4 vP  4H 

| < Cf  *J  £2.  c{  W 

*r$  -ri  *H  *r»  -H  <M 

JU»  *3'  4 

4^«  H H H 


« K » ■ 0} 

■sf 

4 4 4 df  4 H 

Afl  ,0  />  <°  H 

. . P 

I o c c c c <H 

'Hf-  -H  *H, 

30  x x x x a 

!(»  3 j)  t*  ii  4 

■H  “V'  H -H,  .rf  CSC 

j*  !»  t*.  •«  Vi  . 


> vy  vy  vy  | 

• * *? 
‘ Cv  <-4 ' H*  * 


ryd  <y-*Aiy  <y 

. - * r - ^ 

X-  X d cv.  ON  SO 


O Cyd  y NO 
"M:  ry  cy  vy  so  so 


cv  © x?  -o  <n  ©■ 

It-  ■ «;  • C 4 

N40  4 O 
H 


SO  © H © r*i 

cy  ©*  d'  vo  Keo 


. N4  vy  1 

> •■  « 4 J 

■ 400*1 

H H t 


O'- 'O  f«4lS4 
| ****** 

* rl  H H ClWO 


d <C  O W ~J  o 
*.  « * ' *•  ■» 
y*  rv  pyx  vj  cv 


yi ,y> x © nn 
© O © H © © 


4 4 O Cl 

cv  rv  C34V5N 


CG  CV  d vy  O'  H- 

*-•*.*•*. 
d'  ry  ry  o « r-! 


4 to  O h 4 C1- 
cv  cv  dvx  y>  cv 


4 rv  — « © v3  tv 

• * • ».  * * 

HHrlPJDO 


4 «fOH4  O' 
rv  tv  rid  'O  cv 


vy  1 

* rv v5»  4 0< 

C\  • jp  • * » * 

■-D  t*  O 4 H 1 
^ I '-*  ( 


H 4 0< 
l<4  4 Cv 


vy  vy  © © © © © 
CV  H rl  5*  X’  4 O 
NS&.4  NNV  ry 
Hi  H 


vy  © o o © o © 

CV  4\|N?\0  4 O 

vo  vo  VH)  vy  vy  in  tv 


c. 

H w|  ©vy©©44© 

n- -Cj  tntc  4 -y  x © © 

r*?il  H CV  .V  -V  OH 

« «{  Hi 

H } 


vy©  O © O vy  © 
rv  vy  CO  ■«  O SO  vy 

tv  cy  rv  04  co  h 


vy  .vy©  © © vy  © 
Cv  © 4;  r>N  W vy 

H H H Hi 


4 vy  © © © © © 
vy©  4 vy,o  © © 
h fsi  <v  tv  © h 

f~i 


© vy  © © © v>  © 
© vy  4 o h cw  ©> 

O <J»  CV  VOVO  vT  V3 
C4  *H  H r-i  r*4  H H 


© © O ■©  ©.  O © 
vy  r*.  vy  ty  ip-vo?  © 
cy  C-  v%4  ry«4-  vy 

iH  tH  H H H 


© vy  © O © © © 

vy  to  4 vy  o».  © © 

h tv.  tv,  tv  cc  Hi 

H 


©;  vy.  © © © © © 
o v,  Ntyv-v)  O’ 
w 4 nvfi  o\H 


©©©©©.■© 
vycy  r © cv.v3 
4 ry  ry  cy  cv  h- 


© vy  © © 4 © © 
vy  © x vy  so  © © 
>~i  © r»5 1 4 a*  *<♦ 

Hi 


o o a qa  0 o 

© © © Vi  COO; 

vy  tv  c\  r4%o  r.s  i 
© v»  4 4J  r • tv  -i  , 

i i 


^"Ji  vy  © of©  ©■  © ! 

5 »H  4 ©lev  © © 1 
4 cv|«y  vy  £v 


vy©  ,"3  jo  © O • 
i O X'  vyfo  o-  C • 


<v  ty  vy  ©4  © vy 
vy  hi  ry  © d»  -4  tv 
40  aC  tv  tv  © 4 <V 


tv  ry  vy  O d © vy 
vy  h ry©  <d  v#  tv 
3JittNN0xei 


tv  rt  >.y  o 4 c*  vy 

vy  e~*  r*.  © t©  vs  cv 

43  X Cv  ©-  vo  4 r4 


«n-yo4  © vy 
vy  h r . © 4-  -4  w 
03  03  tv  tv  V3  4 P4 


« m vy  © b-  © vy, 
r%  h ry©  & 4 rv 
-4  .*>  e-  rsV-jo  4 re 


»f«4  4® 

H 4 4 MK 
-i  j -i  tv.  H-i  !-Ct  i-ts. 


4 4 

5%  S’* 

4 *4  4 © 

y -*4-  b » 0 F . „ 

«.«  o Hr  4 »»*  4 © 
4 H ISS  sz  p*  ri  CV 

*s  -f.-  d © *a.  4!>© 


o 

4 d 

x ^ as 
-<  SH  _ 4 © 

"y  4 fi  r$  © 1 

4 ■'i.  - 4 h-  v<  © 

,yi  «—  M ;«  js-  d }V 
4 *4*4  0©  4>4 
-J  - a >t  s tr 

*4  4 its  «■  <««* 


S4  4 .© 

4 & jti  © F 
©■  y*  ft#  »»i  tfsj 


fcfri 


O 4 ?.>  sa  4*  X 
v«  n-  »“*  .4  *s*'  4 v# 
«*4a*  *1*  *4  *** 
■J  f*  C«J  rf-  4»©. 
O *4  A;  4;  55*  -fw  di, 
3&  *3  Sf  V>  « 


: «t 

T-  ..  V 

' •-  .c  ■*' 

5- 

HI  ' * 

|i! 

py\ 

mm* 

Vj*  • 1 

*H  >»cf4 

fie 

^3  M* 

#►“  -4*  3 

A 

H *Hr  ^>4 

J9-  ^ 3te; 

^0^y\S&:CV<3O  ■ 

** '!  r;i- ’l  j£-  '<;*• 


I «.  *?'% .•  Y~  ^ ^ *5  ^ *»  ■ f ^ ®<* 

i 2 333  ;£ . %:^AAA 

:./; , : ;_. . - . ‘i.?*-  1-.  js3.  -Al* ;'  - - 


lb* /oca  hn<c 


, <0  m Ki 

.-;  • *.  4’  ft-  • « 

;f*SPW!  CM  -4  «k 


,e^s  • : « '*;> 

>S  ' ’ '<:  . . 

«••  •— — ■. 


r*\v^S 

. - 1 dt  - - _ 1-  i 

■'  Y J 

'.  S; 


:---_j£a.«  Ul  -*- 


...'  <>'0.0* 


A «Q  O.'M  A tj\ 

- •.-  » • • • • ’.  • - 
^ .t*i. 


( ^.  -C0.  °.  i 4 ft  ' |/*  ^ 3 -55  <>  ' , •<£>£  A.®  o 

N « . cm  CM  r\Ai©r-  '•  ^to  ^ CM 


:<f.  ,,  . ■ 


O'.  MSCM  O O *-»  CM 

1 * f*  .«p*-cf^-  ft 

t - ' •I'.-'V’;' \ ‘ 

♦ / ‘ '• 
i . ■'  . * ..*•  • ;-v^»  - -r  ..»• 

JsSftls  “ 


1 .- 
. i.  -. 


ss  \m 


S'SS  § <m  o 8 $ £ 5 gi  a g i jlci  <tvQ2' 

«M:r4'  • f » • ' ■ . *7  • 1 . * IX 


'.alHig  -Ilf III  »««»!£ 

|;  . . * v ' ••  ! -•  • . ■-  &.■■■■.■  ■ i«  »— ■ - • — ■ - .- 

j ■ .-*,.  v * . ^ » * • 

•«*^.£«3F5  $$$££% 


m •«  m m 


A*>  La  £ 
c &i«  s 

•H  i«4i  ’«p4 

^skfi 


CM  V%  UF, 
*"*  -M: 


<B  O -« 
O.  O 


XA'nclJ 

ML  «~\M3 


-a  'OcC  -fS-wva 

1-  «•»  4?  r'c  S 


3 P£ 


55  ■;: 

, . 


>■,  ,g 


'jslallo  saSsf 


Ilifia 

O M .a*.  trt  p 


v 5 * 

' E|  *-r  ' 


0 ■*  t5  <b  3 f K - 15  - 2f«  i ■«?  M 

t/f  m H m 3S  *;s ‘•'* f hmo  m m S 3«S ^ S 

1 SI  Ilfs  •gsgSttW  s^afSI 


■X  -,-  I 

■a  g u 

5r*  *4t  O m 
MM  C3  >>  W Q 

EOo  « »«  M'S 

§1 1 5 III 


£ 

$ 

ft 
1 !♦’ 


c-C 

■« 

r:  * 

» g 
« O : 

tec' 


N« 


•.#-  .»•'  •■ 

*A'  ea»- 


u 

■ ?*:  ■►  ;• 

* ;.*■  > 

2 , m 

| ..-f-w.; 

I 

a ** 

•ff?  #■  •>■  * 

Jtstt 

l'J  > :a 

I * *• 

O o M3  oj 

5i 

• • •'  - • 

?»:^T 


• 

u 

• 

,t  *1 

► ••• 

' 'U 

■»■  ► 

a • 

■ • 

.4 1** 

f* 

*4. 

A ^ 

' *4 
’ Jf 

M % 

W „ 

i $ 

Hi  j* 

2 * 

% » 

§ • • 

U11 

; -»V  *?*'*?»• 

O ■•■  • * 
S-t:  # if  ,t 


c ► 

tt  "4  • 

-4-  .•if’'  r-c 

n S2  » 

ii2<t 

r •*  *• 

•**  -J  IS  « 

5"  • 5: 

O f*  • 

■ **■■#.-•* 
* 3 ‘H  *4 

M O • . ♦ ■ 

*».  M -SJ»- 

r*'  ftp  * 

:<  « “ s 

6*  . * 

fHi:»r  4T 

* W»  M 

M>-w  try. 


6-  1 I 

u «: 

i 9 

S r-i  M 

**  w *•>  1 

. If. 

^ M *S  j 

C" 


. • i-  » 

i- A o « 


• '^hssV 


’.rs. 


m •O-  «f  O vscs-  i .<&  WV  iSi  KiA  O if 

f&<H_^j5'55-’X2  £>?  i—v»-4  ir'-s  © '-5  ‘-S  i'i  -■*  {•'t  *4'  S 3 

ao  <q  p*.  jh  f£f  . » <0  n tv*u5  dK.fJJ  as  so: 


-sy  ^'r*  rv-n 


r '*r-s>  mm 

: l-t-JK  &&  pk 


C -M  S' 

w£  <*w 

VJ  *•»  *4 

3t5  *3?  5ft 


*■*  >*  M X M 

*t  5ft  o e? 

"*  ft?  *- 

*a  « *»  *$.  Ss  Jx 


:.ga3fc 

i la*  » «. 

• % M *f  £s  £.**•*; 
ct4  m s» ««  *«  m 


m jW 


«comr; 


f jS  m 

• - P< 

| «H  <4 

1 . * w 

4-  - >i 

l **■-  »'•«  ^ 


| I » ' *] 

Mi* 

1 If  « I 


14  Jf  FJl 


■ :C4  •-  I 

-HI  f-t  H 


l * l | 

**  ° 1 ; 

eta 


£i  4 

, j tsI  4 

£ Lti  .. 


I i % m lrt» 

i I ! 3 wLi 

* t % fir  Jstsii' 

I i S M2! 


nj  cv 


o 

f 

V% 

y\ 

r\ 

a 

a 

• - - - 

- ... 

■— *-' 

v'T 

VMS 

V-, 

a 

ta  . . 

v-\ 

vO 

o 

V'. 

vs, 

O 

«A 

a 

VO 

fv. 

- * • 

--- 

' V", 

o 

vn. 

VT 

V'V 

w 

vo 

:CS. 

v\  «*v  u~v  w 
r-i  v%  \r  <3  ts- 


»-»  r4 

-«• 

£ 64 
>* 

:>- 

ac 

2f  >• 

■ tH 

* t-t 

wi  © 

10 

* . w *' 

.4  , > 

&.  <*•  v 
•«  U#  >* 
i * »e 
wj  *—* 
O 


: «f  i 

'3  ’ 


| j qjr-ijal 

mh 

i *r  t f 

i >. ; fo 


^ \cr  *<  « 

•r<  , { <V 

u 1 i 

© L.,^-4  .-i  +«..«  -»« 


, «:  «[  H } J f 

H*  '4 

* mi-ril  >•  f o-i 

v i : { 


t u*  4 O i I 

■w  £ i H 

«*  » Ml  M 
‘ * s’  ivv  *i 

is;  .;  71  Hi 

|*i  s !•  ' - 

U1  ’ * !af 
i ! 1 1 \y\ 

f ! i 1 


I U 

t i 1 
i « » 


I ! ! -ra! 


g \n 


I * 1-1  ' 

’ » s*.  > * 

| , O pf  -1 

I j "h  I j— *J 

» | !>*  |«vf 

«i  4>  i™.!. — , . 
««:  o : 
a!  rtf  I 
«n  M Iw' 

! 1 tis 

i : ”w? 

at  jss 

K 1o  ® 


Cflo;  :o 


*n  w> 
r>  m 


co  tn 

r*. 


^-f  o o 
^ .a 


r\ 

r-(  \r\ 


O w~t 
v\ 


O O 

vO  VO 


O 'A 

VO  VO 


O vrv 

vo  vo 


• * 

""  " ~ 

o 

o 

f — ; 

* 

♦i 

4- 

5 

4 , 

'ti 

•o 

a 

u 

o 

c- 

o 

^2 

-c; 

* 

a3; 

s - 

*> 

■3‘ 

T*^ 

O 

• 

.c 

o 

VT\ 

1 

o 

Wi 

© 

V-V 

vr, 

rri 

C' 

H 

a 

r-il 

o 

o 

v\ 

O 

o 

vo. 

iA 

H 

a 

vr\ 

r- 

irv 

VA 

o 

O 

v» 

VT’t 

•* 

vPw 

o 

A 

a 

o 

w'i 

vr\ 

0 

vr-, 

vO 

o 

vn 

UA 

© 

• 

O' 

O 

v% 

MS 

Cr- 

VA 

o. 

o 

v\ 

v% 

O 

• 

vr% 

© 

© 

a 

v*T 

\o 

iwTS 

.cv 

o 

o- 

vr\ 

© 

• 

v\ 

V\ 

o 

v\ 

\n 

- *.  -4* 

vo 

Ov 

vS 

c- 

T3  rt# 

% *1  -1' 

at  * a 

^ *a  'ia 

*-»-  ?»*; 

J!* 

>i»  +* 

vs  m m. 


■a 

^<5 

• 

'S 

*gf 

•4 

« 

*sf 

1 

** 

•w 

*•  ■* 

f ‘ 

«■  Or 

■ f 

• tt 

2r  •• 

M "t 

e 

a 

-H*  » 

V .• 

•f 

(0  &. 

>- 

J1 

2«>  ;H 

Z 3 

u 

'*  •• 

!•*  s*. 

ili 


,it  - 

•rT 


4 i 

l 

**  f 

*f'l 

• «*  . I 


„ A.,-  J 

5 S I 

« S | 

alHi 


j 

4 

ta  e,«4 

r * » 

JW  -%<-  •#►- 

Hllf. 


:iiil  f 


1 4'^i? 


if* '.:;!ijn  ;i 

■ i:  : i ! I . 


RESTRICTED 

SECURIIY  INFORMATION 


secret 

crcinTT  / tMFOPMr.Tjn^' 

1%  fest-cyal  %*Jip 

2m  SfyGfo&^t SiO  MZp&Z* 

% Jm&mco  Pattern}  •&$& XAIj  Begiaa 

4*  St»t^WhSksd  Profile,  SAVA  RLvup 

5*  Stressed  Profile,  UflfflUKETA  Barer 

6,  £ten&  h nmMlKk!  q&ltte 

7*  Sketches  g1‘  HOSTS  W 


0*  Bridge  too&Ussa,  JBSIHIOS-SA^ 


9#  Stage  Variations 

* 

10*  Wocthty  Iteaa  Stages*  $?*  OUft^JtBWU 

11*  Sfc*«y  Hess  stagoa*  BSSEtOB^O^SOfA 

12*  Stag©  BurafeSen  Corves,  SOT  BOH  & TOSSKA 


33*  Stage  Deration  Curves,  UmS^mmL 

14*  Mscharga  & Velocity  Wns  Curves, 

15*  Blsebargo  & Velocity  Eating  Carves,  Z^CKJB^S^SVICA 

3£»  Mseterco  & Velocity  Bating  earns,  OB^T/^IEOVICA 


1?«  Bopth,  Biseh&rge  ft  Y&cttit?  Profile 


10*  , ImvidatiwrjE  by  Stili^wstor  BnxristTs 


20*  Bischargo  I^Ssep«l|fes,  $QSTS  BAfl,  Artificial  Hoods  1*3 


21*  I&i&ftrg©  HOSTS  B*$,  Artificial  Floods  4-4 

22*  Hmhzm  tmttm*  Barrier,  Artificial  Hoads  7-10 

23*  Blsdorgo  %d^eg*S|rto,  £OJSJ&  CBISE  Basrler,  Artificial  Hoods  11*44 
24*  BSsotorea  Bpdta&SfftSt  ROSES  BXR,  /artificial  Floods  15  & M 


SECRET 

security  ir.Tcn.'.’.wiOf,* 


! 


.*  + **  .<  _/  / 

>**■  «_  ■*.  5-  f 


o /.>. 


>~Zf'''r  s:.t, &hf/hrss 


l ! 


r ? ■' * ■ f~'“  fr  Vf*rfvr 
® A^/-"  ' r.’,^~ 

^ v^v  /:  -•  r »//>„ 


-4— -#** 


t 


t ' 


l f 

a 


~*tr 


* - 


“ vfefcr 


* 


JH 


2 5 

* ^r,Mi  ~* 


StCRCT 

u cun  nr  mnamim 


KILQMET.ERS  ABOVE  MOM 


Ju: 


RIVER  (BELGRADE) 


-r.  ^ '5# 77 


1 

>3 

£ 


$ 

I 


! 


o 

§ 


* 

$h 


% 

i£ 


c 

.$» 

$ 


.1 


i 


* 


* 

$ 


I 

N 


Q; 

S 

kv 

$ 

nI 


(jrs^o&Q)  IgYHDISH  ^ 


*H  OJt»^nxos  }o  ot-^nxjtic-p 


’H  fc©JRSf  S°  ai'J»;rp\!03 


( ?4^unTK)  piA^m 


!f|  T-aog  J®  »2i®rq>j'j«'4  t jU;80g  i 


£ 


*H  «ui4ll  jo  8ou&?iiyuo2  ~ 


‘a  ’Sf^lS-^a 


T 


GENERAL  PLAN  OF  DAMSITE 


Condu/f 

it's  1 1 


o 

f§ 

f| 

85 


a-  § 

O w5 
o»  O 
- O 

< ^ 

“3 

2 = 
wjg  d 

>fe  2.  | 

9b  k>  c 

..O30 

LU  *=X  *3  W 

<j>  (/)  T5  CO 

cc- 

8 

if) 


c 

° ° <s 

?5  » 
£f  5? 

1 i * 

P £ XI 
c 6 P 

ts  ° • 

“o  - 

« 

_ O to 

-c  § rO 

^2  co 
</)  z — 

2 o~*> 

H u»  £ 

< 0»Q  ‘ 

g>  •' 

< . ? 

f ^ ° » 


w J ro<* 

® tr  *■  ^ *t 

s , a Q-  o.  Q. 

0 

Is  * ! 11 

a>  5 — <Sl  ro  ^ 

P*  O . * JL 

£ o .?.?  .2*.? 

_J  N U_Ll.Ul.U_ 


O 2E 
a:  < 

£ cn  S 

~ LU 

a:  X w 

< O 

3 H-  55 

w Uj  O 
>£  S 
</> 


ttyofiri 


1 


o 

»o 

,i 

CSi 

i 

IU  cT 
V—  *“ 

<2>JT\ 

SiiS 

*^k 

3?5 

UJ  ' ’ 
■lJ—  tn 
< -JD 

o — 


'O  O o * ■_  *S>  *3. 

<3  .O  C>  vr.  *Tfr  _rv 

V *✓>  «r-  **V  U>  <**  -*»*  <*t  •*?  -<r 


**“%  i^r>  ' 

t>  t’  0“  ^ 


r «rj  *<»*  ^ XT 

‘ *"•  •*• 


o* 

<2  ii 

O 


S a 


^ s? 


LO  O <t*  •, 

co  * 

O • <3 

u ^r 


&UJ 

-f- 

. ^ „ 


- 1 

«e*  >V*.  ' v\v  ' 

‘n‘  *21  iS^S'  ' vSVV' 

+*  *yJ!L  ■ «=»-  • 'N\\  v 


vTK>> 


S;a^,  V>,XVs' 


CJ 

^°!o 


2*  * 
o 


O C3  Lj  of  O,  O <0:  «»*  <0*  C3  **J 

O w>  |o  to;  O ov  «► ' *o-  25  SL  Jrv  5~S 

r l £2  _ ii  «5>  O O'  O'  "’O  «6> 

S K to-  vO,  wr>;  '•t,  *'»  ** , ^ 


^r" 

Jv  ^ 


Wv  W6 


MFT  r'TTI 


*»  * 

' *** 


rian.iriir  finj*'  i!P'i'i;iiiBiiii*i«:rfli 


Sfiol  ufBbiir* 


f 


-■s 

ll 

X 


x 

< 


u 

0 

•o  f-H 
co  tc 

1 

I 

or. 


•wrH 

--  C <C 
k O *d 

4>  ^ O 

C P ^ 
I)  Of^ 
O C 
— ' 3 o 
•o 

• *-* 

c e3  ® -3 

S33 

Vs  * 
ID  OC 
> P ts 
U (S  *> 

co  > V ► 

u ‘Jo  o 33 

©311 
•O  *71  to 

to 


H tt  (? 

III 


X 

•rl 

O 


a t-< 
SO  c 
© 5 
m jd 
0) 

© 55 

*§  5 
P5 

**3  *W 

r- • 

r-*  *x? 

< £ 


•o  Q 

© ffi 
CO  (H 
« 


SJ 

o 

© o 


1, 

C-C 


p 

r w 
p r-  ^ 
t*  2 O 

<■■1  -:3 


i,  I — I 

J5 

© 

"3  5 
o c 
S 

U ® -H 

© > t> 

- 

« s c 

r*’  O 
Cj  O «H 

> x p 

g 

OT  -H 
© r~< 
.O 


5! 


© 


© 

O 

3 


o 

a <0 


t c 

^ C.w  CO 

P 


St 


03  -rl  © 

K J5Q 


5 

■g  3 

© < 


#• 

•1 


3 

o> 


«-, 

o 

t 

a 

w 

■8 

t 
© 
c ■ 

t* 

o 

t< 


w 

e> 

3 

OJ 

I» 


cv 


a. 

© 

© 

£ 

u 

o 

0 


X 

n. 

rt 

fe 

C 

H> 

•M 

£ 

o 


£ 

(S 

I 

B- 


•O 

c 

05 


&•- 


P 

3 

n 

i 


cn 


-» 

3 3 


«6 


t\ 

B1 

© 

fS 

© 

o 

xl 

3 


rv  tr\ 


& cn 
T* 

•s  *-»'■ 

2i*  £ 


• © 

S © 
X 
<u  O 


<m  to 


U p 

Cl 

© 

C 

$*■ 

t. 

ffl 

CO  -rA 
© F 

x: 

0 

& p 

tl 

s 

0 

O 

c 

0 

33 

£3 

CJ 

5 

p 

X 

•H 

Cm 

a F 


E I 


n 

t 

* 

^ 

1 

t 

^ K 

•i 

_.  * 

• 

lw© 

ft 

•i 

ai 

m 

m 

k»«c»«x 

g 

c 

OC 

53 

p 

8 s 

£ 0 

*»* 

© X 

r.  p 

P x 

Cm  C h * 
» o © 
r-c  ® cm  Hi 
X X 
© P £ • 
x 2 p 
P £ P rH 
c « p 

g Cm  -O  t, 
8 * - 
^ 5 3 

*8  5 
& 


*5,2? 

u 


18 

5 


c 

C£- 


^ ; «e 

0 -d  x c 
E ns  p « 

e a v p 
u c «s  o 
© u © c 

1 © a. 

« o.  ® 

« v* 
«£3  © 

tax  c 
-d  a O 
g *-  P Jj 

*tp  « 
55^3 

K)  O O 
*<  -T5  *-  53 
tn  C O *-* 

% C-.  <«4 

■p  © 

*c  •.  t*  c 

-S*  © to 

S 

to  JD  55 
cr 

CJ  -p  «3 


3 8 


iolii 


c 

c 


1. 

c 

p 

« 


•a 

p * 

p 

tn 

v 

€.  5 

© 

sc  » 

• • 


f- 

«• 

p 

c 


£ P 

o « 

P far 

05 

fa  rlM 


P 

r, 

«» 


IS 


p 

-r-  €Q  p. 

» * • * • 

V Er  fer  • rr  ► 

E t,  r K s?  :fi  55  K 

p X ..•o**- 

M _£)  «-<  *-1.  “L  M- 


’fc  S5  SC 
. . o "S  "S 

sc  s Sc  ss  r-  sc 


w>- 

8,  , 

*•>4 

N 


K 

•V.  -c 


g« 

. 

11 

1 

«. 


of  Record  /30l~/f 


Pff/oo  or  Prcc*p_  79 '28-37 


PLATE  12 


.cbitrvtdi 


.. . . ;%i.J  - ]:ji.;> 

i , . ' t.  1 j .Jr-.i  ; - i.  ■ ; * *. ■ , ,ts 

" >r:rz3s-mw;fAiii:^ -i 

- j * : 1 t"  . * -up  \ ? ;■  r f“4 

•*  - 3 * * « * * '»*— • 1 ' *?-.-  5 r4  T 


•;  . 

- ■*  — r- 

:i:.l 

! e . 

t *r . . 


J • J i . . 1"*  - • -$ss4-  -I  ! r • 1 • f-  4 ~ f: 

: l'_i  i iiEu.  .\u-M — i— f .-r-  4 -ii 

■ - . TH  - t*  | i%;  ri-T?>f  *-H 

--  f t - 1 ~ , — ; -Sir-  V'  - *■  — ' s^r»  S-  5 

i ■ }■  i'lr  x ; * £ w 

. _ __  — — -±rr  r ' * * — Tsrtsrr  ~ 

,4  ft*  . 

4 i"  JSJU  * StSU- 


t » »*'  ; 

f:rstrvr 


1 ! g 

: ;'  i 

rj 

CA 

eJ  ^ 


, - . * T- ' **-■  - 

.L±4_. 


t . . § £2  c >5 

=i.<H  » ?n€  j 

rf~4r  <*-•«*?*■ 
4 J'jfgV  • * 

: i *3==  V’  * } 

, ...  -*  - !- 
i ■ ; i&r  v i 

! Sira  \ 

* 7g\  : j. 

1I4 

x rr-K-i'  X 


4— -— 


- t 


48:  r 

*6  ; 


T r;!  T-rrvi 

*,••  -j- — i - i — -j  j - -’-  ■ 
■ | | p- 4 r- 


rpi  u * 

*-4.  i*  |'-i-  -l1:  t 

LUJ  : - • i 


-P-4  P - -ip! 

’ : 1 - • : -,i-  * 

5 l .1  SC  . 

- ~ ' “i 

b rf2*^  ^ * 

r r||ir;  t; 

, SO  _ . • • * 

r'  O s 


r 1©: 

- t-  If1!  : 


HI 


iff7 

si* ; 


; ••  -v  • 
r - - f- 


in  *^p  §*  o.  ; 

T F#:H§5Tf^ 

-StW-.Z- *.fc 


4^. 


* Si'  vlpr*  'tX*j 


1 y 

» a 


s>- 


* ' * " ' j 


h \ rii4 


r 


\ ? 
-V  ^ 
\ ; 
V 


\ 

- 1:  1 \ 


q 5 

Ui  S 

J—  0£ 

o § 

JE .! 

E75  ?: 


'^0  ii?  1K9I3H  39tf9 


«P  |+ 

i«0  uf  IHolaH  39V9 


* *\»  ' 

\ 

^ 

r _ *X 


tn 

tz.  S . 40 

UJ  Orf  ~ 
2^  CO  w 
a,  o 

. Ul  , u 
**  • 

>oc  6*4 

s 

< e 
w o 


o 

1 o 

-< 

. ui 

i*>  > 


< 

m 

* r 


£ »- 

a:  S ^ 

i3o= 
_ mfc  g 

< UJ  , t 

2 £g 

**  W v; 

•at 

• u> 


XN 


■m  «t  ihsqk  asi^s 


i ' *■  '* 

v ►=«-*<*  -r^-  ««  >»j» 

I-  •-  i 


*«*0  XM®3H  3$P 


t rp 

' i s. , 

1 

1 

i 

-«i  "*»  ' -1 

- f -' 

•* 

w<  » »« 

<* 

^ r — 

, 2 ; . 

r *. 

(MM", 

•;  1';  - . 1 I- 

smj&flpy. 


H.H.W. 


SOOL  SKSYASIGS 


Drown  8y; 


1X1 fUL  MSCSJLXOX  A?  MffiSXO  00X01 


r1?"  * 


‘ r * ; 


r '•  ? mi; ! fcU 


’•> ; r?c%* 


%mmt  * 

«sm-jws  or  mmxc.i,  utmmut 

m jm  mn  srai 


&K& 

H , •. 

lih  OwswnJ  ajf  ihs  SAWA  RAyo*  u-i 

t<fcfar«r«cr  9)  « 

2#  fl}iiro1egi6  t&imm.  oi  tt—  S*¥A  JbL'wgr  ' A~2 

<*Sctf— — s*fi#  $|  it,  19#  13}  * 

$m  . KrUnttai  Sweanfimito  <rf  tfc*  9Mfc  - M 

bit—  fftlfm—t  n > 


!*.:.-  ;■.  'i 


• irfam—  1M  In  Uw  iftUaercpty  of>  **w  r«porV 

RESTRICTED 

SfCUMfY  f'VrtlSMATrejt 


PESTRICTED  v 

btCUnlTY  JafOftNATION 


mmm  or  nowitu.  umi 

ON  THE  f..TA  Rim 


via*  Rivets,*  0-2,  OSI*) 


(1)  On  Aocomt  £ the  eanf  k ing  character  of  the  KARAVANKA 
mountain  chain,  the  wtllsy  of  the  tg>per  SATA  feme  the  <jnly  natural 
entrance  gate  In  the  ncrUareat  com cr  -f  WOOSUVI*,  The  Tilley  of  the 
upper  AAVA  is  ooufinsd  on  both  alios  by  stoop  flanks;  hewer  or.  It  has  a 
wide  boi  of  riser  grtrol.  The  KARAV.JIKA  mountain  chain  is  Joined  in  tho 
oast  by  jtlw  die  and  hi#  sohlstaoeuus  mountains  at  FOHDRJF.,  with  la-wel 
ridges mad  deep  loan  earth,  whleh  softens  after  rains*  Farther  oast  ia 
tho  pUin  a imuut..  (UIBACH).  On  the  n rth  side  of  this  plain,  wo 
find  tho  wild,  rocky  ALPS*  (STONER  ~LPT»).  In  ths  northwest, 

•utsldo  of  tho  narrow  m llcgr  of  tho  unpar  SA?«.,  tho  hi#  nlplne  mountetn 
chain  of  the  THIOL-?  (TO  QL.V  2,865  m)  group  reaches  fur  toward  tho  anuth. 
In  tho  west,  wo  find  the  JULIAN  ALPS,  "hie*  hove  a dolordto  character 
and  doep  ft llcgrs  with  abrupt  slopes*  Kron  hare  on,  tho  oalcaroous  plateau 
•Mb  steep  preeipioes  emtinoos  to  tho  plain  of  LJUBLJANA* 


(2)  Tho  SATA  has  its  origin  in  the  glacier*  of  tht  group 
of  TOO UV,  out  of  two  .slplrv'  stnuna  — S<>V/r-DDLINKA  and  SAVA-BOKDfJlCA, 
which  eases  from  tta  8CHnJJE.CE  J8SER0  (MWWJ3KE  JESERO  (BOKINJKA  LAKE)* 
Hose  two  streams  Join  at  8AD0VU1CA,  The  waterfall  of  SAHQA  is  tho 
eonthwi tion  at  tho  lahos  of  TRIGU.V*  Tho  large  basin  of  LJUBLJANA  is 
the  ajdt  of  the  SAT*  cut  of  the  region  af  tho  ALPS*  The  northern  part 
of  tho  LJUBLJANA  Basin,  at  approximately  400  a sea  sieve  tin  is  dry  ami 
Is  separated  from  the  wet  part  in  thn  south  by  the  so-called  hLWBLJ/JClCI- 
BLW*  (LJIBLJiN.  MOON)  with  its  rntrsby,  soft  and  swampy  rround.  Tho 
mo  r is,  hoaruvor,  asdtivntod  and  used  ss  moadows  >-nd  postures*  The  SAVA 
i.lerrs  through  the  n^rthcmprirt  of  the  plain  and  loeves  it  through  a Tory 
narrow  verge  towards  ths  erst*  This  r>rgo  bet.cmn  LIUJA  and  9EWICA 
(d««p  ami  narrow,  appro uimst-  ly  900  rs ) belongs  to  s steep  ealeerooue 
chain  of  miuntsins  sailed  •SAVABERGL.KI),*  In  this  reaoh,  ths  3*.VINJA 
flowing  from  tho  north  Joins  tho  UDAKI  MttT*  It  mates  a sharp  turn  ■ 
toward  the  south,  breaking  through  the  onloeraaus  chain  of  the  3AVAB£R0L/Jtt)* 
Southeast  ft* on  the  SAVJNJA  region,  the  SAV.  flcrre  in  S/.V/JBERQLAND  to  tho 
boundary  of  CRD/.TI..  * The  lend  is  flat  and  rolling  with  isolated,  ’.did 
mountain  ranges*  The  wide  plains  eru»stiU  looking  hero  es  well  as  in 
ths  SAVBUAaregiua,  despite  the  open-load  and  individual  basin  flats* 

- (J)  Ths  el  tacts  ot  SLOT  W I*  Is  wet  in  tho  highlands  and 

proportionately  dry  in  the  basins,  Tho  rsept  annuel  precipitation  varies 
from  TOO  to  2*900  ms*  October  is  ouneddored  as  the  month  <4  hi#eet 
p— sifAtetlum,  The  winter  is  sold  udti  abundant  an  jwf&llei  tbs  eusoer 
le  Slightly  WORMT  then  in  AUSTRIA* 


■ « * - >■ 
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b.  fcrttoLk  flMKa,. 


(1)  CKilTIA  and  SUTORU  art  Anraetrt  iO'!  fcy  '.ride  and 
daap  strong  flats.  The  sir  ear,  plains  f the  SAVA , after  its  exit  tnm 
the  irnw  valley  above  ZAGREB,  has  the  character  of  a tride  basin. 
Between  ZA<BZB  and  tbj  mouth  of  the  7RB.3  River  the  SAY  iepressiar 
reechos  its  largest  width*  It  ie  euasx»sod  rubblo  fields  covered  by 
lean,  ttonslstinc  t husoes  o**tfr*  *>tg* b**"g  Aft  SIS..K,  end  gradually 
Obhn^ftf  into  black  dcrRi  towcRtta  the  o*#t.  Southe  ast  tf  i.GASS,  the 
doproaston  ie  further  widened  by  the.  pi* in  of  KAHL3V..C,  This  plain  has 
■any  swapy  parts.  In  the  oast,  >n  the  north  tide  of  the  volley  of  SAVA, 
va  find  a mom  tain  sue  Tea  called  tho  POOH*.  Mountains.  In  the  middle 
Of  the »c  TOPuntnir*  is  located  t-o  large  and  rich  basin  of  POZEGA,  Tho 
wide  meuntain  chdr*  of  POZRV.  cnee  »jre  c« fines  the  'ids  flat  land. 

The  SAVA,  which  is  in  this  part  is  already  a vary  \arpa  stream,  than 
enters  tho  DANUBE  DEPRESSION . This  flat  region  is  called  »SR9<»  and  has 
exactly  tho  s-np  character  as  the  fido  plains  <f  SOUTH  HCTfQ.'.RX  • Tho 
%WCV K trfoon  tht.  lew  reaches  of  the  DRTWA  ani  SAVA  Rlv  rs  eorrespondo 
In  character! sties  to  the  flat  plain  of  MSRBrf.a  In  ocrly  summer  owl 
au turns,  weh  Of  this  region  Is  flooded  and.  consequently,  tho  ground  Is 
. 7 Vary  sort.  Tho  stripe  jf  land  along  the  SAVA  RiVr  arc  also  subjoot  to 
ttMadatlms.  The  dtnatc  of  OT&flA,  SIAIDFU  and  MACVA  Ms  a d is  tine  tiro 
ttont  Mental  character  with  rosy  vena  sward  and  severe  winters  with 
Utils  mm. 


(2)  lhc  8 ..VA  River  is  navigable  botween  5I3..K  (ten  590) 
to  its  Jvneti  -n  :1th  tho  DARU3E  at  BELGRADE  (Vm  0),  At  tho  beginning  of 
Vbrld  War  II,  tho  TUOOSU.T  Oovarnnent  undertook  axtonsivo  rcgulsti  jn 
devolopncnts  on  tho  SAVA  RIvar,  in  order  to  oxtond  the  navigation  frara 
* MSAK  up  to  ZAGREB.  Hid*  rntor  appears  usually  in  March  and  ..pril  (r\loo 
In  October  and  Korenber ).  The  July-Sqptad>er  period  is  a 1*-  water  noasur. . 
Navigation  is  tsrus.  ly  intarruptexi  far  60  to  70  day  c per  yoar,  duo  to  lee 
ind  to  lew  water  a. ndl ti  ns . During  tho  last  60  years,  mneruus  protoo- 
tlvo  levee#  have  bean  built  el  ng  the  SAVA.  Usually  inly  XjCsI  conditions 
fcntw  bod  taken  Into  account  in  the  planning  >f  these  protective  hydraulic 
atructvrstt*  Ha  ovot,  no  wcrall  fl*v»d  protection  planning fwss  inns. 
Donaoquontly,  many  of  these  protective  levees  n tho  I vor  3AV-  arc 
«xp<«sd  to  danger  >f  overtopping  and  oollapso  dttrinf  high  fX  >ding  oon- 
ditfwa.  “Those  canditi  ns  hnvc  rcsultod  in  tho  eroati  n t msoarous 
ponds  (often  at  a greet  distance  frtm  the  river),  vhtch  roquiro  permanent 
drainage.#  Those  drain  go*  varies  arc  being  pcrfjmel  at  present  on  tho 
mamto,  CDR/R3K0  and  THRSISV)  POUR*  anl  in  tho  %0G*8tA  MQ6SVIKA* 
^VRP^ri  of  tho  periodical  •fuNtifca  R-».  4 t 1949*). 


*•  Hto3attv.ia^acsi-v<  fra  3«g-jtot 

(Baals*  Reference  5»  •Jugoelavia  * Bfc.  493 

lafsraneo  Ut  Vugoslovi^-lcnljaglsnl,#  Melik 
isfflrcnoQ  12 1 "Italo-Tugoslsv  Boundary,*  Moodlo 
Rofcrwnoe  15*  aPolad,  as  ftopleoiju  Save,*  Plsablfe) 


a,  arloars  Afaaa.  9m  SAVA  River  has  e YiUsn  ares  of 
95,000  la2,  tho  TrfMt  «atai4hs<*  of  «y  river  in  Tu§»slavitt.  (Defer* 

• Translators  Voto|  OrlgSaal  ^m0»  nn$| aS^M»*  b«h  4wfOd  Xo<ikftlTE, 
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cl w 95.107  lx2  » l taftroio  19  #tm  94*494  hA  If  twin*  37*1  por- 
• ««*  «f  (he  antisn  IWOSUf  tcrrltoiy . ft®  tom  !*«$  is  1,040  In 
(Miev&t  V*  ftsferenee  19).  H lf  satfgtt 3d  bflhw  81 SAX  srtJ  MOGfUD, 
a 'istoMe  cf  too  to. 

b.  PU^m»  Betormoo  11  giro*,  fbr  the  ’ischtrgo  of  the 
84V.  lllrar  at  Jtelim  with  tho  D.8  'BE  tlvar  at  BEfefb'.p.  a mxfamn  at 
4.019  u-l/fcja,  s sdaJtaai  of  608  a^Ase,  arl  a boob  of  1,120  nVsoo, 

«fd oh  esrrespcwi!*  to  95*5  In?  rseanyoarty  valxsa  of  disohaim*  Based 
on  are*#  reant  Jaforsetie«if  rofarunss  1)  aAtos  AB*2  too?  a#  the  warn 

yoort/TSiaoJf'.rgD  toloso,  bwrraapro  ling  to  1*  530  a?/aoe» 

. » I A 

e.  Oo'Mnim'  Flow. 


*(1>  TM  utst^n  ‘inf  characteristics  of  rtXDSL  VL'.'S 
hyk*  l*glo  »*n  Itians  mr : It*  w ’.argrotsv’  muff,  rivers,  an'  firm. 
About  9.5  pore  art  of  TDQ08L.7  territory  o mists  of  sn-eallod  •Karat 
or  KPRa*  (Italian  nano  la  •Carso*),  a goolofloal  phoiamantn  markol  by 
slniAcilee,  Irhampcrsa  with  atampt  riifM^  pse  feruling  rocks,  deep 
anmwa.  anrt  fehlned  ty  undsrgieand  ronuff,  strou*  *an*.  rivors,  Of 
this  m.orgn>urr!  runoff,  2.6  peroont  firm  tor  or4,  s the  S..V.'.  Sircar  basin. 


(2)  Being  esnpnsv’.  pre 'csdnaatly  i limoatont;  of  varied 
o«f  (Jurassic  cad  Trlaseio)  the  surfaoo  of  the  XCarot*  Is  roo'-lly  •» 
dlMuhs'.  bp  mUarater  and  soefacs  drains  go.  This  gradually  fpoclos  any 
wu*  spot  into  an  opsnlng  Into  rhish  tea  water  than  sinks  to  flaw  wxlen- 
gteuDd.  This  un'.orgrotrr'  Inflow  into  the  841ft  ration  la  partloularly 
n.ttlooablo  •«  tho  IJtrBLJ.'-.  Rivt.r,  a tributary  of  tho  S.W..  river. 


O)  Tho  UU3LX.N/.  fiver  syston  rseolves,  In  a!Jiti<>»  to 
its  regular  surface  eater,  an  opprselable  supply  <£  warlorgrouiv!  water 
fitwr.  urc'orgrunl  rivers  rn'  stroans . The  n -rtlroir’  flj:  •<(  theso  un'.or- 
a. ' ipouai  streni*  have  bo<n  tracer',  ab.ut  ft)  in  fror  their  irigln  In  tho 

■ H0111WMP  region  In  the  JULLV  K..RST  area.  Tho  underground  rivers  appoa r 
* on  ths  srrfseo  shore  thay  ar  ss  the  so-called  •poljs.*  Those  of  nUMHA 
and  cildcvanc,.  arc  tho  tar  - at  Mtstcadtag.  (Plato  9 of  this  report 
sh'vrs  the  unturgrun'.  drainage  pattern  f this  region). 


C-r* 


(4)  •*»oljo«  is  a basin- like  goultglocl  fosnetim, 

..  - fsno  roily  very  level,  ondosod  by  stoop  ollffs*  They  are  creota’  by 
: aviation  if  tho  linos  tone  -ni  dnloadtc  by  falaratar.  Daring  tho  winter 
period  of  hacty  rains,  the  •pcli®*  are  flouioi  »>  that  tonp-rary  lakos 
j*  are  fazrwt,  lasting  tor  mny  •son ths  >t  ths  year.  •Ponorjo*  (pruolplpe) 
'is  aa  open,  vhafWiCs  aperture,  tbs  dimeter  bolng  narrow  r«  ooraporod 
with  .tea  hpti,  which  ofttwi  esaenls  soverwl  hmdred  meters,  They  are 
mamXfy  sttsstal  soar  or  n tho  b ttrrs  of  t^oftjs*  and  serve  as  eifeior 
hist  ur  outlet  Sten  no  Is.  canning  from  one  to  tbs  other  *itf  ths  Tislng 
or  falling  f tho  tntcr  levels . 


($)  ^soaasa  nt  tbo  bewy  rainfall  In  tho  JULXW  KT.23T 
rogioa,  tbo  •paija*  uf  this  rogica  arc  oftsa  lasndato!.  fbr  snapl*. 
the  OtUnSi.  %olja*  boo.no  s flooded  on!  post  of  the  aroa  boo  nos  a lake 

• Scforoasc  mstf>uiw  lifted  in  tho  Bibliography  of  tho  repert. 
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far  at  least  ID  "Tenths  f the  year,  An  erse  of  90  tor2  is  flooded. 

The  0os tiftr/  perl/*  of  flcwUr*:  laetrfror!  Oolibar  ti-  V*o  n3  f July, 
H«r*7v„r,  inurr’aii  m f this  ^dje*  lasted  f'tr  18  •’maths  ir  1896-97, 

Tt.t:  depth  f th  l*Vc  avre^os  2,5-3  raj  occani-nally  it  boeros  as  loop 
•s  4*0  a.  Th «.  ••’.t -jt  flos  into  an!  -at  f tho  ■pan’rje*  -.4th  prost 
rapidity]  bane.;,  even  1 jj  the  swtvjt,  the  ow>Jltl*>ns  of  the  be ! of  the 
CliJOITC..  •L.X£*  are  uncertain.  In  vary  dry  sjmra,  the  lake  is  ca-pletoly 
drlctf  up*  Odng  t the  toap-rary  ehfelng  f the  ^x**-r.1o,  ■ It  of  ton 
happen r that  th  lr.un isttorv of  Cv!?C1Ea  sir*  tho  neighboring  PLAIN..  ahcr.’s 
-Tide  fluetuntlm  fr on  Jroar  to  poor.  System  tie  cave  cleaning  now  tikes 
plnoo,  in  b th  the  Yugoslav  and  the  Italian  parts  of  the  ■K.'JST*  rogion. 
This  rar-kos  the  ^olja*  drain  » re  freely  an’  reduces  tho  extent 

of  tho  flooded  areas, 

(6)  The  denning  -f  caves  an’  ^onr-rje*  on  ->no  side  of 
tho  fr  r.tiar  hrs  ben  know  to  lend  to  changes  in  the  fl  - >1  ro.gi-»  in 
basins  locator!  several  -dloe  -n  the  thor  si"*#  >£  the  international 
boundary*  These  eh  nrcs  arc  due  to.  thu  presence  of  hitherto  'Jnsuepactod 
vn  .argn  unr!  onnoetiig  channels,  IhcruetoS  in  the  intensity  of  flo  *!s 
lr  tho  PUiiv;.  •p-'lje*  hnvo  sum  tines  been  attrlbutod  to  oavo  define 
In  Italy, 


(7)  The  un4 argrt-txx'  -/nter*  if  tho  PUH1V.\  an!  CrIRKNIC-. 

^ Ija,*  togjtHcr  with  the  nstor  f the  CVCE  Tells  uhieh  fl.T  t>  VIP..VA 
and  VWWE  in  th  LJIBLJ.JL.  rrrshlnrC  night  bo  advantageously  utlllsod 
for  hyir -oleotrie  purer  icvnlofrwnt,  (See  following  paragraph  3,  on 
abstnet  tT  nof  nr  nee  14.) 

.3*  Paginal  itr'xaU?  vf  My.y 

fPasist  Referenoo  14* ) t5aopHcJn*-3e  Prrog  lavctivanja 
ItroSnJakn  hig-slaviJo-0  VisiUin  Brnhana,*  1950) 

a,  Tho  S*.V.\  River  ropros^ntn  a tjrpiocl  case  there  the  censtruo- 
ti jcl  f hlf"h  dans  in  n>tmtaiinMus  parts  f ths  river  and  its  tributaries 
will  siroltane  usly  soTv:  thu  nroblans  £ lmd  inpruvornont , patror  gsn er- 
st ion,  nevlfi'.ti  n,  or»i  fl>  1 pintocti  n. 

b.  The  plains  an!  fl' ta  f th  l-»*.~r  5..V.'.  *iv .r  are  rcpiLarly 
fla  »'.od  Jjspit..  the  off  rts*»f  3 rv  r.gi  r."l  an*  LjcsI  c«>mxnitio3  to- 
pr>toot  tho  V"m!  by  jretoctivc  a true  turej.  Those  flop's  arc  particularly 
serious  along  tfc  BC3WTAN  S.'.fA,  there  the  fl/edoi  area  oovirs  78  taa2  and 
In  tha  rogi  «•  af  H CV. j 5<dM9  LOHJ3XDO  wt!  Car..  P0LJ.. , Only-  the  BID 
B08'/T  drolmca  prtjoet  hca  sufficint  flo  >1  pr»ljctian  (o,  309,  Reference 
11),  Tho  nly  solution  far  prevent!  n of  those  needs  list  In  the  build- 
ing of  resorvoira  in  ths  ruuntMnous  parts  rvf  the  3..V..  watershed.  Those 
nMorwln  oxild  thuf  roteln  the  run  f f tree  the  intense  procipitatiun 

of  tho  ALPS  in!  1C.33T  ragi  sia. 

o,  Tho  total  aroc  f ItI  ilong  the  Jj^er  11.  Tiivor  bolou 

IMMB  requiring  rwlioratim,  is  584  tor  of  lhioh  414  lr?2  ary  situated 
an  tho  riftit  and  170  tor  an  the  left  side  of  the  rivar,  # 

sAsfsrsncs  listed  ir.  the  Biblio^sphy  «f  the  rsport* 
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d»  Tho  Irrigation  >f  those  areas  null  require  thr.t  at  least 
60  ry/»oc  bo  utthdraai  frur  tin  5A7A  River  during  Ion  water  periods* 

Tho  rdnlsm  disehTcos  t the  SAV..  tdLvor  are  as  full  wet 

tegiigp  Ulntaa  ftor.  laPJna) 

jmmrnc  75 

SAMAC  172 

SHMSK/.  VITHOTIC;.  225 

BBXR'D  235 

Withdrerrel  nf  water  for  irrigation  purposes  troll  entirely  eliminate 
nari nation  x\  tho  SAVA  River* 

o.  Tho  navigability  >t  the  SAV..  Rivor  at  lww  stages  is  vciy 
urf av^rnblc . This  was  particularly  obvious  during  tho  1946-50  period, 
Ir.  1946,  navigation  t.v.s  p.ssiblc  fur  boats  uf  180  cm  draft  only  up  to 
ZABREJZA*  further  upatronm  navigation  had  to  be  discontinued  far  boats 
with  naval  draft*  Nomclty,  S.V4.  Rivor  navigation  is  p >ssiblc  for 
boats  f 120-150  or.  Imftj  at  very  low  stages,  f r boats  of  100-120  ora 
draft,  Many  obstAolos  arc  found  at  KBPTNOV..,  SR3*SK..  R.X..,  SA»tC  and 
in  the  roach  to  SI &AK-GR. XI3  KA  . A 250  on  rdnirun  navigable  depth  .Jpuld 
be  inquired  in  or'ior  t-  make  tho  SAVA  Rivor  navigable  for  barges  of 
1,000- ton  (metric)  capacity  an!  200  an  draft.  In  order  to  Insure  that 
depth,  the  Rdnlmn  discharge  below  SXS.JC  w uLi  have  to  be  inerocsod 
62  rP/seo,  Adding  that  to  the  60  aP/soe  required  f -r  irrigation,  givoe 
122  nP/soo  to  bo  supplied  from  ret  on  tLi  n reservoirs, 

f , Following  are  tho  piesibilitios  >f  retenti  n reservoirs 
in  tho  SAVA  region  (sono  if  these  are  already  mler  oanstmctian)i 


UUBL1#A 

230  (150  at  FLOilTtA  plus  00  at 
CIRIHTCA)  bath  fed  by  vndesw 
gr-und  water 

WA 

«5 

SARA 

110 

UNO/. 

115 

BJPA 

650 

DONA 

500 

Tho  BJPA  and  UBRA  Rivurs  lave  tho  groctost  affect  on  tho  navigability 
of  the  SAVA  River  and  consequently  on  the  water  stages  of  the  DANUBE 
River  below  BELOR/JX,  The  purpose  if  tho  retention  reeervoire  planned 
far  th  ee  regions  are  tr  be  primully  far  navigation  and  irrigation  and, 
eoouadarUy,  for  hydr.— clectrio  puwar. 
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e Refer  ante  mmfetr  listed  in  the  91bUs>0rapty  uf  tho  report* 
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abstracts  or  taoancxL*  iitb&tu* 

(M  MDSTH  Qtff 

• • * 

i • 

1«  IntWKkatii. 


a.  These  abstracts  were  trwsiatod  Tii  cxqpilci  fp>*n 

5 articles  published  in  19$1  In  BH-OR *J)E  mior  the  title  •Saupstenja 
3a  I Savotoranja  StrtenJakr.  Jugoslarlje  0 Visoldm  Sranona*  (Trans- 
actions - The  Mnt  Mso*ii«  erf  the  Tcguslar  Rational  Coonittoe  on 
Laris  Dew.  lfl-23  StpUHatt  1950,  ZAOKKB)  and  listed  aa  Reference  U 
in  the  Bibliography  erf  this  r spurt* 

b.  Ths  artielas  r of  erring  t>  M 4 to  Dan  arot 

(1)  Marko,  L*«  Enuwr.tion  at  Hitfi  Water  "nd 

Dissipation  at  its  E nor  or 
at  Uostc  Den. 

4 

4 

(2)  Cfesorst,  I*|  Experiences  .'.equ  inert  at  tho 

* Construction  it  Matte-  Dan, 

(3)  Poind  iamt,  M*t  Oanloglcal,  Geotechnical 

and  Struotwal  Che  rooter- 
isties  -rf  Moato  Dar., 

(4)  ChUSil,  j.t  Statical  and  Stewtoral 

Clwracteri sties  cf  Moats  Dan* 

(5)  PurfgDrhik,  R.i  Injccti-ns  cm  Rjrim-olectrlo 

Plant  at  M-jstc* 


o.  -Tho  articles  von>  written  in  1950,  when  HD8TE  DAM  ma 
undar  on  struct!  an  (the  osiatruetioa  uurtc  started  s^notinc  in  1943)* 

Tho  lisouaciuns  refer  t»  final  plans  rod  laboratory  crxporincnti  par- 
fesmd  n r» dels  in  tlx:  Hyrsulio  Laboratory  of.  the  LJIBLJAHA, 

Technical  QaivorWltr*  (T«V«8«)  The  pros  ant  a,nstiuotian  states,  the 
MStedUl  sqsifaant  for  operation.  and  pesrur  ptvh.'oti®  facilities 
for  tea  don  are  n .t  described  in  trxso  articles. 

d.  ..cc  rlin'*  t the  articles,  MDSTE  DAM  is  t.-  be  built  in 

tec  stftfoa.  fbs  first  stage  pcutedoc  fvr  o>es  inaction  of  tho  ten  up 
to  sltftotlan  5U*00  rj*«*A.,  teteh  is  9*5  n less  than  the  finally  plannsd 
slssstinn  of  533*5  “ud*A. 

a.  MQBTS  DIM  Is  looted  m Mm  84?/^00UPU  JArsr  astride  tho 
tenants  IbW  WfoC,*  «>ar  SimXK  In  tesqOBMD  district. 
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f r the  ..-a&et  1 <iti  n,  $c5H^gK  7 >f  the  report  or 

fig.  9»  p 171  and  Fig.  4,  p 43  of  Reference  14*  At  the  Un.  tho  KaXKA 
Chrg o la  53^*56  deep.  (So*  fig • 1,  p 161  of  Sufercreo  14*;  Tho  botton 
olovat!  :\  1*  474*00  r*u*.' , The  cargo  is  nly  2 to  4 t f"ido  it  tho 
b*ttr?,  widening  t 13  n ~t  r.ppr».xd*Tatcljr  510*00  n.u*..*,  and  t-.  35  n 
at  olmti  *i  523*50  -*ii*A*  (tho  proposed  alt  Ire  to  clevatis*  f tho  im*s 
Croat.)  In  1910  (vhile  still  under  -.us trln-Hurgary)  this  location  uns 
sc  lee  to-i  f-r  o no  true  tier  f a hyAre- electric  psw  plant  bcc-.uao  of 
structural  advantages  and  ala-  because  the  land  above  the  dmsito  *ma 
jf  snhll  raluo  nith  *ut  oenniMti  ns,  ir  thcr  structures  ’fhleh  w>ull 
bo  destroyed  or  dmnagad  by  rising  intors. 

b.  Tho  so-called  nedn  fgavip  Brook*  rant  across  th.  location 
i*f  tho  Son  and  extends  upstream  for  about  700  m (iso  Pig.  2,  r.  U6). 

A narmr,  step  ranee  oirp  -so  - f Mania  limestone  extends  along  tho 
SAVA  river  b.r'. , Tho  !1*.V„  river  has  arodad  its  b.-xd  twice  scivss  tho 
brock  and  has  also  ponetrota'  thr  ufh  the  llnestcns  crest  at  the 
KAVCKA  gorge. 

o*  On  tho  s -nth  sido  of  the  i»i,  lias  a tertiary  chalky  clay 
calU-I  ■sivieoW  or  *togel*,  the  surface  of  i/hlch  sh  ••s  a developed  erosion, 
Strata  f *0111100*  arc  iisperaod  al  ng  th,  riv  r bo’,  an',  -al  >np  its  ridges 
and  are  oc-voro i by  diluvial  and  alluvial  sediments.  Subaurfaoo  oxplora- 
ti  nr  porf'  rnrl  or  several  occasion*  prior  t construction  *>f  tho  dam 
wore  unable  t)  letomino  the  thickness  f the  *sivicc*  in  tho  SAVA 
river  boJ,  Drillings  and  borings  «<ri  tho  s «th  sid<  tf  tho  1m  have  gone 
as  loop  us  43*5  m bsiow  the  b>*tor  uf  the  river. 

(1*  On  the  If  rth,  parallel  t the  limestone  ranee,  there  la 
a ness  f TTiassic  dulonlto  along  the  tdi  lc  530  in  of  the  bottvn  and 
loft  sir- u f tho  S4Vi:j  g-rgo.  The  drlomito  la  eovcrix*  by  a strotur  of 
alluvium,  but  charges  into  a har ' c rngl-Tsorate  whore  exposal* 

o.  During’  invostlgstlns  it  was  Oinfirmo-I  that  tho  gcul-jgg 
af  ths  toct  rile  rogi'-n  is  *vrj  explicate*’  thrn  was  originally  aammod* 

f*  The  surface  ' f the  'a.»toiti  part  f tho  break  inclines  down  - 
wrr*  t«r*irds  the  s*uth-reat.  It  gradually  boe^j-cs  vortical  and  ia  su 
at  tho  HJSTS  DAM  gorge.  Farther  ant,  the  surfaoc  referees  ita  slope 
•irf  lraellnca  toward  the  northeast  tetris  the  mssivo  lAIWiIWai 
mountains*  This  predominant  break  affects  tho  whole  tastonia  sen*, 
ini  is  a; parent  by  tho  exton si vo  surfoso  creeps*  On  tho  limes  tono 
crest,  th.ro  arc  visible  traces  f diagonal  slidos. 

g,  Tho  no  in  test  nice  1 r>m ssont  ubs  aootOrliah.  1 luring  tho 
TUrtiexy  period,  pertwps  *rftcr  tho  Wocaho  port*!  * Tho  *3ivioo*  wns 
then  f At  tho  swnc  tLmo,  there  ccvrrsd  n h cls-mtd  ss  0 

result  f h risuittal  ur«g«aiic  f arces.  Tho  llnest  no  near  tho  upper 
port  > f tho  brook  vas  oaproased  Into  *siTioo**  Other  changes  in  the 
Umost.ane  masses  *raro  al*’  prxluc<x*.  With  that  in  nind,  "e  cx»  intor- 
rrot  tho  odgin  f #»o  fold©4  mountain nu  tenc  tliet  ia  treige!  under  tho 
lirwstjnc  ti  ck.  That  vac  is  or%>  serf  pro:  ndnantly  bf  ^lvioc*  slobs 
vlth  expressed  ticks  f lirbsWr.'-  ~n  Tertiary SS«d soil. 
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ti.  The  origin  of  ttet  rlxcrl  sane  an  of  the  *rse  af  line- 
•try no  noar  the  brock  be*  long  bear.  the.  nCJ»et  of  discussi.xu  ng 
the  ecologists,  Mnjr  vertical  end  inclined  irlllinj*  have  been  made, 
finally,  a Urge  axoawatlun  int.  tho  euro  of  the  bam  «•  undertaken 
In  order  t*  detcssdno  the  potrogr^hlc  cad  g^jtectalc  characteristic* 
of  tho  grot or*  In  rtcr-t.  evaluate  Its  stability  rn*  *v?rBoabi  lity  • 

I.  The  go  1 'gleal  surrey  of  tho  alto  rf  tOSTS  iaositc  began 
in  DMO  under  Pro f • M.  luksvle  t§  the  mdn  consultant.  Subsurface 
oaplomtl jns  by  meant  .f  doep  drilled  b roa,  excavations  and  diggings 
•era  perform!  In  1931*  1940,  and  1946*  Thu  gooteohnical  problems  as 
well  '-a  the  prtln  of  ground  c ns.,  11  lati.-n  by  the  injection  wothod 
ware  In  tho  hands  jf  Dr.  L,  Skuljo,  Dr,  *avie#  and  a Fronoh  export. 

Or*  A#  Moyer*  The  o ra  'lid-tiu#  f tho  f undation  by  the  injection 
noth'll  ru  ozscutod  by  tbs  Swiss  firm  4®wis storing*  with  tho  ooopc ration 
iff  the  Yugoslav  firr  •Hektrjsond,* 

J,  All  t N>  "Orry  expert  c msult£nt 3 agroo  that  c nstneti<m  of 
IfBTP  D/Jf  is  gro!L>fi  eally  and  tochnioally  very  Uf flou  It . ;.t  the  begin- 
ning <t  tho  project,  mat  ri  then*  nerc  wary  optinistiof  but  iat  r the 
opinions  boeono  dlwidod.  finally  they  did  iccido  to  proceed  with  tho 
Construction  as  being  practlonblo.  H wovar,  final  lee  ideas  are  still 
priding  on  the  questions  of  required  rosurw’lr  storage,  rmthod  >f  aeoorv- 
pUstnent  on'  extent  ef  onsolldatl  n tv.rx  n the  dan. 

k.  Pf  f undctL.n  puxp  soa,  axpLT story  boros  ~rlth  a total 
length  .f  1,08  m were  redo.  Tho  onc-lidation  >f  the.  ground  by  tho 
injectl  <n  raoifti'd  ms  per  furred  by  Injecting  650  tons  < f otr  ait  into 
3D, OOO  -j  tf  bores.  In  >rd  or  t • seel  tho  J motion  jf  the  Ir.n  vith  tho 
wnlla  and  sides  «f  the  osiyvn,  1,700  n of  hirings  were  injected  (soc 
fig.  3,  P 163  and  Figs.  1,  2,  3,  up  176,  177  of  .loforaiao  U). 

3.  Kj'nV'gla  fernttflaa* 

a.  Tho  Iruicego  arx>a  of  tho  S.V..  ilivor  ah  wo  tho  lam  c vurs 
325  tar*  and  Is  olr roeterleed  by  * very  tarlablo  run  ff  intensity.  On 
the  baas  jf  hydrologic  data  ooowauAatod  during  tho  l2*t  fifty  years 
(since  1036)  at  the  JESBOCE  and  RADOVUICA  piging  statist,  tho  tjlUa- 
lng  mines  for  34VA  River  tJuAn  rnjr%.  dctcrminodi 


QlS 

nVaoQ 

Yearly  l>v  ts;t»ir 

7 

• moon  • 

16 

• high  • 

115 

Aw.ra.  c 5 y<*ar  high  *-.tur 
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• 20  • • • 
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a 100  a a a 

400 

• 1000  « • • 
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Tho  hitfvost  roourded  high  -f-tar  (in  fall  of  19^6)  was  350  rP/soc  discharge. 
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. _ _ V*  ,tonN  capacity  of  the  lake  behind  tfcs  ten  will  be 

6*®?  million  sk  tt  the  523*50  iA«A*  final  elevation  ef  the  dam  ere  at* 
Of  ttoie.  5*46  fdllioD  m3  la  to  be  used  far  paver  feneration  (with  a 
owtole  bead  of  13*5  ■)«  in  the  final  state  of  dewelopMttt.  the  height 
ef  the  dan  will  be  46*5  r>.  the  1 anyth  of  the  lake  will  be  4*5  lea.  and 
the  area  eovemsd  with  ba  690,000  w2. 


••  AS  Mentioned  above,  the  dan  it  being  built  la  two  stages* 

The  firet  stage  provides  for  tha  dan  treat  at  elawation  SU.00  a«&*A* 

At  ttda  stage,  idileh  is  9.50  n lavar  than  the  oltlante  stage,  the  retail 
wn«r  eepaeity  will  be  only  2.3  sdllion  aP  and  the  area  of  the  lake  behind 
the  den  270,000  nr« 

d.  Secaaea  of  tha  isportance  of  tha  dan  and  clso  to  safeguard 
the  Intel  trial  cnterpsiaes  looated  downstream,*  it  woo  decided  to  use 
700  a3/ioo  u tho  design  discharge  for  the  out  lot  structures  of  the  dam. 
for  economic  reasons,  however,  the  alternative  structure  finally  selected 
for  construction,  has  an  outlet  structure  that  by-pass  os  the  dsm  through  a 
5.10  n din^Vr  Unnel  and  carrlea  only  130  m3 /sec.  Tha  remaining  570 
BK/ioe  of  the  design  dlsoharg*  wild  be  carried  over  the  top  of  tha  dam. 
The  44  m long  curved  or  eat  extends  over  the  s lopes  of  the  gorge  on  both 
■Idee*  ft  ivOCFWhead  (527*5  m.u.A.  elevation)  on  the  t length  of  eroet  is 
sufficient  to  paee  tho  required  discharge.  (See  Figs.  2 end  4 on  Plato  7 
of  the  report  or  Figs.  3 and  4,  p 43  of  Beferenoe  14). 


4.  S^-igtqnl 

«•  l«08TE  Ol:1  is  a gravity  type  dam  with  a curved  crest. 

(Sec  Fits.  3 and  4 on  Plate  7 of  the  report  or  Tig.  2 on  p 160  of  Rafer- 
onoe  14)*  In  the  final  stage,  tho  total  voluve.of  masonry  will  bo 
26, 500  n r (©or  responding  approximately  to  260  nr  of  Impounded  water  per 
1 m3  of  masonry).  The  directing  vortical  axis  of  the  circular  don  coin- 
cides with  the  axis  <jf  the  cylindrical  upetrote  surface  of  the  dir:.  Thr.t 
radius  is  30.00  m*  This  axis  ia  also  tha  axis  of  the  conical  domstremn 
•nifsee  of  the  dnr  In  the  upper  part,  between  the  erost  rind  tho  elevation 
Of  495.00  m, a*..  At  this  elcvati-m,  tho  radius  of  tho  downstream  surface 
i|  16.24  m and  its  shape  changes  frees  a c me  into  an  oblique  cylinder  of 
the  vmo  mdlosi  From  thorn  to  the  elevation  of  447*00  n.u»A.,  the  sur- 
face is  a hypoibolic  conoid,  rollneud  by  a plain  cylindrical  surfaoo  of 
29.52  a radius  with  a burisTntil  axle,  finally  raiding  the  bettor  of  the 
stilling  bn  tin  at  477*00  m.u^*  elevation.  (Sec  Plate  7 of  tho  report). 


b.  lbs  dxr  is  constructed  in  oenorete  monoliths  to  minirlzo 
■emmont  due  to  tmqpuraturc  chances.  The  dam  erost  is  at  523.50 ‘m.u.A. 
and  is  designed  for  a 4.0  additional  hoed  of  water *(527*50  a.u */»;)  at  tho 
(driest  possible  flood  ooodi tlcos.  ^hs  crest  is  provided  with  2 directing 
sane  re  t«  ribs  to  ocncontrata  thf  avaff low  into  the  middle  of  the  donn- 
strenv  surf  toe  of  the  dam.  Thu  strootorcof  the  overflow  crest  was  tested 
In  the  T.T4.  1 Moratory  r.t  UUBLJAft*  (sob  Figs.  6 4 7,  p 43  of  Referenoc 
34).  . 

0 

o.  The  stilling  basin  has  a trepesoldal  shops,  30*0  m lung, 
lneroaslng  ir.  width  from  15  to  20  m.  The  floor  elevation  ia  477*00  s»o*A. 
It  ends  with  a 5 m high  snsrer-dlep  artiem  till  rislsig  in  three  equal  steps 
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1«£7  m hi#  fad  3*34  a wide.  (Sm  Fig.  4 on  Plato  7 of  the  report 
or  Pig.  % p 44  of  SofcroKo  U). 

5.  fattfail- 

a.  The  aritiasl  foe  'cores  of  the  outlet  conduit  ere  sheen  on 
w«.  2,  Plato  7 of  the  report  or  on  Pin,  10,  p 43  of  Reference  U* 

the  enlranco  la  a ftmoel-ahapod  pyramid*  At  its  oorileet  cross-section 
the  or oo  is  equal  to  t '-r  p-’tc  opining.  The  disohargo  oapacity  is 
130  sk/soo  at  n te*<A.  Door  stream  tn*n  tho  goto  the  rarf  of  tha  con- 
duit abruptly  rises  ~ >.l  a in  hel#t.  Tho  ounduit  widens  and  changes 

shape  to  a 5.10  a itt<notcr  circular  tunnul.  A shaft  inelinud  at  a 
65-degroc  .Tig lo  fr  . />.ri  rental , joins  the  conduit  door.stroan  of  the  gate 
transition*  This  penults  undisturbed  ontranco  f sir*  (Sou  Fig.  3. 

Plato  7 of  tho  report  »r  Pigs*  4 4 10,  pp  42  and  44  of  Roforenoe  14). 

Bk  outlet  tunnel  is  dcsl#od  t>  nUUr..'  the  development  «»f  a necessary 
ocantsrprsosura  before  releasing  tho  wetar  into  tho  river  bed.  With 
this  arrangervent  ct  lor  flu*,  a hydraulic  Jump  appears  r.oar  the 
restricted  gate  opoilng  • ..Iso  the  V-ngth  of  the  Jump  is  start  and  is 
stabilised  at  one  pl~.ee  by  this  arranger^ot*  At  rostrictoa  openings, 
tho  floe  at  the  outlet  is  under  pressure  ^.nd  its  velocity  doorcases 
rapidly  from  22  x/sao  before  the.  Jump  to  6 n/seo  after  tho  Jump*  This 
iwnfunt  thus  insures  that  th->  floe  through  the  curved  tunnel  is 
antirdLy  ry-motrloal  st  restricted  openings. 

b.  Tho  energy  at  ■ r*'.  of  tho  conduit  is  reduced  by  t-n 
dissipetors.  located  at  nun  *.  *f  thr  sMLIing  basin  length*  Dtr.rrv- 
strevn  at  tho  so  is  a loner  ooncavo  sd  11.  At  the  lsnor  and  of  tho  basin, 
th^ro  is  also  vortical  ond  sill*  Tho  dissipators  arc  2,50  a high, 

U2i  n lido,  a nd  ore  bevelled  in  order  V>  duenaso  tho  effect  of  cavita— 
tier.*  Tho  idler  fill  if  1.60  a high,  wd  2.00  a wide.  The  end  sill 
la  4*00  a hi#.  Pigs.  11  to  17,  pp  45  and  46  of  Refertneo  14,  shtrr  pictures 
taka  )f  laboratory  oxporiaanta  an  a nodol  of  this  outlet  struoture. 

6.  ggrtg?  Miai* 

♦ 

a.  fm  alternatives  rr-nt  proposed  for  the  bridging  of 
uvm  omob  at  wan  dam* 

(1)  A bridge  qpetroan  from  the  dam  at  the  extension  of  the 
eilning  very  steep  (U£)  hl#mgr* 

(2)  A bridge  on  top  of  the  dan. 

b.  Tho  aeoond  slt  imstivo  provides  for  a bridgo  «lth  4 spans 
end  3 pillars,  2nt  vhieh  wjuld  be  located  on  the  two  dirooting  eonorete 
ribs  mentioned  ab  ve  and  tho  third  pillar  vould  be  ^viilt  in  the  middle 
Of  the  erect*  This  alternative  involves  on  additional  1.0  m increase 
ft  tfdfOuUk  heed  on  tha  ereet  be- as  so  of  tha  interference  of  the 
piUarsi  tin  refer  o,  the  first  altera  stirs  mas  preferred. 
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